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THE  RSIJi.TION  OF  AimONIUM  SULFATE  TO  ACIDITY  AND  TOXICITY 

OF  SOILS. 

Foreword . 

It  has  been  observed  for  many  years  that  ammonium 
sulfate  has  in  time  produced  an  infertile  condition  in  a 
soil  to  which  it  is  applied  year  after  year.  This 
thesis  demonstrates  (a)  that  this  salt  forms  soluble  sul- 
fates by  an  exchange  with  the  bases  existing  in  the  soil 
and  (b)  that  these  are  freely  removed  in  the  drainage 
water • 

In  the  presence  of  much  calcium  carbonate,  the  formation 
of  calcium  sulfate  occurs  more  prominently  than  any  other 
salt.      In  its  absence,  the  sulfates  of  iron,  aluminium  and 
manganese  are  formed,  resulting  in  a  marked  change  in  the 
absorptive  properties  of  the  soil.        These  salts  upon 
hydrolysis  give  a  positively  acid  reaction  and  cultures  in 
them  of  different  kinds  of  seedlings  showed  them  to  be  toxic 
in  relatively  low  concentration. 
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Introduction . 


The  subjoot  of  acid  soile  and  the  nature  of  thw  acidity 
is  rather  ..roainently  before  -tiie  arrricultural  invoctigatora 
at  the  present  tiiae.iAuch  has  been  r;ritten  e;id  -nfmy  theories 
hove  been  advanced  as  to  the  nature  of  the  acid  or  aoidt? 
present  in  the  so  called  acid  soils. jut  none  of  the  theories 
have  aet  with  general  acoeptrnce.  hile  this  pr  )er  does  not 
a  in  to  present  a  new  theory,  it  does  ai^  to  show,  that  the 
lonp;  continued  use  of  sulfrte  of  ammonia  without  lime  does 
not   iroduce  an  acid  soil. if       de  ine  an  acid  soil  one 
containing  a  free  ncid. 

Acid  soils  in  f^enerrl  raey  be  divided  into  tv.o  groups 
namely: those  whoso  acidity  is  due  to  rhet  might  be  called* 
natural  ci^uses.as  the  pert  and  bo^  soil  a, and  secondly. 
t;;0Be  whose  acidity  is  the  result  of  chemical  fertili-ers. 
as  the  amrnoniuia  sulfate  fertili':sd  r?oild.4ost  of  tho  early 
;7ork, especially  of  the  Euro  )ean  investigators  was  done  on 
the  first  f^roup  of  soils, which  I  believe  occounts  for  the 
prominence  attained  by  the  hu.Tiic  acid  theory. 

■  t  present  the  tr^o  most  ir.iportant  theories  in  ro.f^^rd 
to  soil  acidity  nrc  the  colloid  theory  and  tho  ireo  acid 
theory. 

The  free  rcid  theory  mip-^it  >>g  said  to  have  orip:inated 
T7ith  the  investif^ations  of  Sprengel^in  1826  v.hen  he  dis- 
C0V07 ed  tho  humic  acids  and  tneir  sclts./  fer  ye^ rs  later 
•ier2eliu8^  (1339 )  added  cren  and  f  pocren  acids, the  latter 
boinf^  eri  oxidation  product  of  the  former. Later   'ulderC  1640) 
ilerrjan,' estini,rruh,?>f>:ert3,  ierthelot  and  ^ndre  all  found 
humic  acids  of  one  ^ind  or  another. All  of  these  "acida" 
wliicn  thosG  invest if^ators  found  v;ere  undoubtedly  laborn- 
tory  products  and  in  the  lipht  of  recent  invest ifrat ions , 
probaoly, colloidal  absorption  compounds. Of  Into  yonrs  ve 
find  no  invoHtigator  who  claiias  to  have  separated  or 
isolated  f  free  acid  from  the  sAil.rome  invent  ifrat  ore  ciai;:i 
to  have  obtained  an  ncid  extract  from  acid  vsoiln  but  dif^ 
not  identify  the  acid  or  acids;other  investigators  believe 
I'rcG  acids  exist  in  the  s  )il  bocause  of  the  action  of  the 
soil  with  neutral  salt  solutions. 

Among  tho  first  investi;«  tors  to  study^the  action 
of  soil  v.'ith  neutral  salt  solutions  ^-as  ;ay.Uiiing  'lamonium 
salt  solutions  he  found  that  the  basic  radical  of  the  salt 


1.  ;rc.'iv  fur  die  Gesa  ite  Hatur  lehre,13ce. 

2.  Lehrbuch  der  Cheraie  3  'uflage.p  339.        ,     ^  , 

3.  Jour.^:oy.  gr.'  oc.vol.ll  (1350)  &  Vol.13  (1353) 
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was  ab8or;od  while  the  acid  radical  remained  la  solution 
as  the  calcium  salt. the  .uantlty  oi  lime  re.^oved  be?np  * 

^  the  amount  of  a.nmonia  aooorbed. Voeloker^ con- 
tinued the  ';/ork  of    ay  and  confirmed  his  results. iioyer^ln 
studying  the  absorptl  on.  found  that  it  dejended  on  the 
amount  of  iron  and  aluminum  oxides  orenent  in  the  soil, 
iiorse  and  Jurry^ln  working  on  clay.with  potassium  and 
sodium  salts. found  that  the  bas*s  v/ero  sbsorbed  and  that 
in  oxchanpe, calcium. naffnesium, iron  and  aluminum  were  re- 
inoved.The  a.aount  of  iron  and  aluaiaum  v/ore  equivalent 
to  the  rcid  content  of  these  solutions.  )t her  invest iprators"^ 
in  studying  the  action  of  salt  solutions  on  soils. )'ave  in 
g^neral  arrived  at  similar  conclusions .nr mo? y, that  the  action 
conslRto  of  an  exchanPre  of  base  bet- een  silicates  in  the 
soil  end  the  salt  solution.'  ome  have  claimed  thvt  the  exciirngo 
W3  .laantita^ive  and  thus  Fas  due  to  a  chemical  re?  ctlon, 
V7hile  others^havo  beiie/ed  it  due  to  the  replace:aent  of  the 
"bases  in  the  soil  colloids  Ly  the  more  utrannly  Pb»orbed  bene 

of  the  salt  solut ion.Hore  recently. far icor'^^stated  thet  the 
difisolved  bathes  were  duo  to  a  socondary  reaction  o  the 
acid  set  free  when  the  base  was  absorbed. 

The  acid  extracts  obtained  oy  tho  e  investi^^ators  vho 
believe  that  more  base  is  absorbed  than  is  removed  from  the 
soil  can. I  believe  in  most  cas'^s  be  explained  by  the 
presence  of  Iron  and  aluminum  salts  ac  ha'i  been  shov/n  by 
Veitch./.orco  end  Curry'Jand  as  ?as  found  by  harrls^'.^ho  he 
does  not  consider  thera  a?  responsible  for  the  acidity./ s 
to  the  eiToct  of  a'amonium  sulfr^te  on  soils  the  folloTrinjT 
invest i;:." tors  may  be  oitod. 

hile  nay  and  Voelcl-cer  v/ero  among  the  first  to  note 
tne  e  fleet  of  ammoniu.n  sulTr^te  on  soils  thoy  stU'Ue<^  fwe 
laborAtor;/  p  lase  o    the   luestion  rather  than  the  ei'ioct! 
in  tie  f lold* liG'-'es  and  Gilbert'^at  Hothnastead  v.ere  -jrob- 
ably  the  fir  t  to  note  a  dif  ferenoo  between  the  plots 

fortili'^ed  v/ith  am.aonium  sulfate  and  sodium  nitrate. 


l.,7our.:;oy.  'j^r.'  00.  Vols. £1, 60,62. 

2.  "n    der  Landv/irtschaft  'Jd.l  &  2. 

3.  Hpt.   N.  l.A.'^r.Kxpt.^  ta.l906-190r3  p  274. 

4.  /  nnsby  Amer.  Jour.'" clenoe  Vol.  14(  1^77  );)7f). 
Van-3eamelen  ^jand^v.^ er3ueh,''tatlonen,Vol8.21  Sc 
Haurnon  &  Grully .  Mtttell  dor  i£gl.  jayr.idoorkultaroanstalt 

1^^  09..  1 0.3. 
Xozai-'Jhem  '.elt  Vol.?2  p  11J7. 
i'naer  -  Jour  fur  La:id\7.59  (1911) 

Prianlscliikow  •  Land?/  Verauch  '  tationon  Vol. 79-i30(1913) 
5. . ay  loc. c it . 

Voelclcsr  loc.cit. 

iotors  L  nd^v. Vera.' tar.  2(1360) 
jiAltnce  of  rel'erenoes  on  f411ov.lnsr  page. 
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In  stud:^ing  the  drainago  v/aterB  froia  tho  differontly  fer- 
tilized plots, they  found  that  the  plots  treated  with 
anL-aoninra  sulfate  had  auch  ler«?Qr  a-nounts  of  calcium  removed 
than  the  other  plots. Thoy  roact.ed  tho  conclusion  that  all 
of  the  sulfuric  ncid  fro:a  the  aiaiaoniua  sulfate  wan  reaovod 
as  oelciua  sulfate. 

heeler  found  that  the  long  continued  use  of  annonium 
sulfate  without  linie  caused  the  soil  to  become  acid, and 
that  an  application  of  li^ne  corrected  this  acidity. Hall  and 
Miller  found  that  the  Idss  of  OGlciua  carbonate  was  increased 
when  aaaonium  salts  wero  used  by  an  amount  equivalent  to  the 
acid  of  the  fertilizer. IJitrate  of  coda  di:riinished  this  loss 
of  cfilciufTi.riall  and  (» iminn: ha r.T^ state  that  the  constituents  of 
the  soil  do  not  react  ^vith  solutions  of  arnaoniuia  sulf?  te  to 
produce  a  freo  acid. The  free  acid  If  of  biological  origin. 
In  a  Inter  public;  tion  iiall'^conclud^a  that  the  acidity  pro- 
duced by  the  lonp:  continued  use  of  sulfate  of  ammonia  is 
caused  by  certein  aicro -fungi  in  the  soil  which  split  up 
the  acanoniua  sulf' to  in  order  to  ootain  the  am::ionia  and 
thereby  set  fro;^  sulfuric  acid.        Infertility  of  such  soils 
results  because        the  rerrular  bacterial  'ihrngres  in  the 
Boii  are  3UBpei-uea   j;/  the  acidity, and    inst  lui  fun^ri  per- 
uioal  the  'Boil  and  sei^e  upon  the  airnure.ihe  remedy  in  to  add 
liae  to  keep  the  soil  neutral. hunt-^also  found  that  the  long 
contintigd  use  of  sulfrte  of  nmmonia  brought  the  soils  into 
an  aci'l  condit  ion  rvhich  v/as  especially  hanaful  to  cora  rnd 
clover.  Voelclcer^dOl-^)  states  that  at  *'.ot  ha  instead,  on  plots 
w^iere  ammonium  sulf*  1:e  han  been  applied  alone  rnd  in  com- 
bination Tvit  1  minoral  mtmures  tho  soil  v,-ar,  so  acid  that 
crops  could  not  bo  produced,  iirov^n'^stetes  th?  t  when  a  vnonium 
sulfate  in  applied  to  soil  it  leads  to  a  developoment 
of  acid  conditions  jecause  of  the  production  of  sulfuric 
acid. If  sufficient  line  is  present  the  acid  unites  v;ith  it. 


6.  Van  Bemmelen  -  see  above. 
Bauiaan  i  iully  -  see  above. 

7.  Jour.Agr.r.eseuroh  Vol.1  IIo. 2(1913) 
3.Voitc;i  -  Jour. Aaer.  Jhem.^  00.26(1904) 
9. Loc. oit . 

12 .  :iich  .Tech .  -3ul .  19  ( 1914 ) 

13.  Kotha.mstead  Ueaoirs ,Vol.6  p  97. 

1. /.nn. Rept  .H .  I . iixpt . '  te .  139^5 .  ly v5-6 . 
2.i^roc.Roy.roc. ,  er,B77(li90L)  p  1-32. 

3.  Jour. Ghem.'oc. Vol. 91(1907)  Ho. 534. 

4.  Jour.i;oy./{jr.'  oc.70(19:)9)  p  12. 

5.  ?enn  Kxp.  xa. ju1.90/ 

6.  Jour.Aoy. ' gr." oc.l914. 
7iIowa  Kxpt.^ tn. Sul.151  (1914) 
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White-^     in  a  recent  publication  states  thnt  the  differences 
in  amount  of  acidity  of  the  ammonium  sulfate  treated  plots 
in  Penney"' vania  is  due  to  the  accumulation  of  humic  acids. 
This  conclusion  is  arrived  at  because  of  the  large  amounts 
of  "free"  humus  found  on  the  ammonium  sulfate  treated  soils. 


The  soil  used  for  the  various  experiments  described  in 
this  paper  was  taken  from  one  of  the  oldest  fields  on  the 
Station  farm.      A  record  of  this  field  has  been  kept  for 
thirty-three  consecutive  years,  and  in  that  time  only  chemi- 
cal fertilizers  have  been  applied.        Since  1890,  when  the 
present  fertilizing  scheme  was  inaugurated,  tVie  field  has 
been  used  to  compare  different  forms  of  nitrogen  fertilizers. 
The  plots  are  l/lO  acre  in  area  and  are  divided  by  a  two-foot 
path.        In  addition  each  plot  has  been  divided  into  two 
equal  parts,  one  of  which  has  been  limed.      Through  the 
center  of  each  plot  there  is  a  two-inch  tile  drain  at  an 
average  depth  of  three  feet. 

The  chemicals  applied  annually,  since  1890,  to  the  plots 
studied  have  been  as  follows: 

Plot  0.    Manure,  dissolved  boneblack,  sulfates  of  potash 
and  magnesia . 

Plot  1.    Nitrate  of  soda,  dissolved  boneblack,  muriate 
of  potash. 

Plot  5.     Sulfate  of  ammonia,  dissolved  boneblack,  sul- 
fates of  potash  and  magnesia. 

Plot  6.     Sulfate  of  ammonia,  dissolved  boneblack,  muriate 
of  potash. 

Plot  7.    No  nitrogen,  dissolved  boneblack,  muriate  of 
potash . 

Plot  8.     Sulfate  of  ammonia,  dissolved  boneblack,  muriate 
of  potash. 

The  amounts  applied  have  been  45  pounds  of  nitrogen  per 
acre  in  nitrate  of  soda,  sulfate  of  ammonia  or  manure,  80 
pounds  of  phosphoric  acid  per  acre  in  dissolved  boneblack, 
and  125  pounds  of  potash  per  acre  in  muriate  of  potash  or 
double  sulfates  of  potash  and  magnesia.      On  plot  0  the 
phosphoric  acid  and  potash  naturally  present  in  the  manure 
have  been  supplemented  by  enough  chemicals  to  make  80  pounds 
of  phosphoric  acid  and  125  pounds  of  potash.      The  only 
organic  matter  added  has  been  in  the  form  of  crop  residues 
and  catch  crops  plowed  under.      Since  the  present  schemera 
of  fertilization  was  inaugurated,  the  field  has  been  limed 
as  follows:     in  1898  and  1905  at  the  rate  of  one  ton  per  acre 
and  in  1909  and  1913  one -half  of  each  plot  at  the  rate  of 
two  tons  per  acre. 

The  first  soil  samples  were  taken  from  these  plots 
in  1912,  just  before  the  fertilizers  were  applied  and  after 
the  land  had  been  plowed.      The  second  set  of  samples  was 


1.     Ann.  Rept .  Penn .  Agr.  Exp.  Sta.  (1912-1913). 
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taken  in  tho  f;pring  of  immediately  after  the  lime 

hf.d  been  applied  end  hari-owed  in, but  before  the  apnlica- 
tion  of  an;  fertilizer^,,  .ubeequent  eamples  were  taken  in  the 
spring  of  1914  end  in  the  fell  of  1915. [Ihe  doils  wore  taken 
to  the  laborator;^  as  soon  as  sampled, thorouj^hly  mixed  and 
air-dricd.ln  Eubeempling. the  soil  was  passed  through  a  ^;ieve 
having  seven  holes  to  tho  linear  inch.iio  finer  sieve  was 
used.af.  it  waf>  desired  to  hi  ve  the  soil  in  as  nearly 
aotual  field  condition  as  possible. 

The  crops  grown  in  the  years  previous  to  tho  sampling 
(1911  and  191SJ  were  corn  with  clover  sown  in  the  com 
durin.-^  the  XalLlhe  crops  were  the  seme  both  years, as  the 
clover  made  a  poor  catch  in  1911  end  vsas  plowed  Tinder. In 
1913  millet  was  grown  as  the  clover  |>lanted  the  previous 
fall  BgPin  failed  to  live  thro  gh  the  winter. The  millet 
made  a  good  growth  on  all  of  the  plots, the  limed  ends  of 
the  two  sulfate  of  ammonia  plots  6  and  0  having  the  host 
stand  in  the  xield.uf  the  unlimod  plots  the  two  sulfate 
plots  were  aboi.t  eruftl  to  any  of  the  others  tho  not  as 
good  LB  the  limed  ends  .As  millet  is  a  crop  edf  cted  to  "cour" 
febilc'-thQ  above  results  r  re  v^hat  might  be  expected. 

Ihe  millet  waa  cut  in  reptember  ind  the  ground  left 
bare  during  the  winter .x''all  planting  of  clover  and  grass 
having  proved  a  failure , spring  planting  was  tried  in  1914. 
The  plots  were  accordingly  seeded  with  a  red  clover  and 
gras.s  mixture  together  with  oats  as  a  nurse  croo.The  oats 
were  cut  in  July  and  showed  m?.rked  differences  both  be- 
tween the  limed  and  unlimed  ,and  between  tho  different 
fertilizer  treatments  .The  no  nitrogen,  with  ;->lot  6  were 
the  poorest  in    the  field, while  the  nitrates  were  the  best. 
The  differences  between  lime  and  no  lime  were  not  notice- 
e)de  to  any  extent  on  the  nitrate  plots, but  were  quite 
marked  on  the  sulfate  of  ammonia  and  no  nitrogen  pl.:)ts. 
The  difference?   however  seemed  to  be  Ir.rr^ely  in  ruantit^. 
The  germination  on  the  nu  iiit,rogen  and  sulfate  of  ammonia 
plots  were     seemingly  poorer  than  on  the  other  plots. 

.-xter  the  removal  of  the  oats  the  clever  made  a  ^ood 
growth, that  on  the  limed  hi.lf  of  the  no  nitrogen  Jlotc 
being  the  first  to  show  above  the  stubble. The  clover  on  the 
whole  area  of  the  nitrate  plots  and  on  the  limed  hi  Ives  of 
the  ammonia  plots  5,6,iic8  followed  about  one  week  later. 
The  cl  >ver  on  the  no  nitrogei:  plots  continued  to  l0!.-d  all 
the  other  plots  in  size  and  vi^or  oi  growth  and  began  to  bloom 
several  days  ahead  of  them. The  nitrate  of  soda  plots  showed  ^ 
oracticall*  no  difference  bet.\een  the  limed  and  unlimed 
areas  but  was  not  ruite  as  good  as  the  limed, no  nitrogen  areas^ 
The  limed  areas  of  the  sulfate  of  ammonia  were  similar  to 
the  nitrate  of  soda  olots.The  unlimed  areas  oi  ell  the 
other  oTots  exceot  the  nitrate  of  soda  plots  produced  a 


l.l^heeler, J.  ,.i).iv.-c'armera  ;iul .77 ,1915. 
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Blower  growing  crop  but  the  stand  wae  practic&llv  ae 
hoRVi  .x he  clover  on  the  unlimod  areae  of  the  euliate  of 
ammonie  plote  showed  the  greatest  difiexencee  iron  the 
lined  eretE  ae  well  be  the   other  -  ^linod  areaE.ihe 
plant  £  were  inferior  in  evor^  way.he.vin-  a  Etunted  appear- 
ance.xhe  clover  wa£  not  cut  as  it  was  considered  hest  to 
leave  the  tops  ae  a  covering  for  the  roots  durin.-  the 
winter.ln  the  loll owing  spring  of  1915  the  clover  ccne  up  well 
on  all  of  the  plots  with  the  exception  of  the  unlined 
areae  of  plots  5.6  dc8, where  the  growth  V7as  poor  hut  a  fair 
stand  of  grasr  cane  up.Xhie  difference  between  the  unlimed  area 
01  these  plote  and  the  other  plots  of  the  field  both  limed 
and  unlined  increaeed  as  the  peason  edvanced.r.nd  at  the 
time  of  cutting  there  was  more  grasB  than  clover  on  those 
plots. being  only  8  foot  tall  when  cut.ihe  clover  on  the 
other  pi  Dtp  nf^de  as  good  e  growth  hb  in  the  previous  fall. 
The  grass • however  did  not  grow  to  a  great  height, 

PART  I.     ABSORPTION  STUDIES. 

The  first  part  of  the  investigation  was  carried  on 
with  diffcj'ent  strenghs  of  anraonium  tuliate  solutions  to 
detorruine.ii  rst  if  there  vws  a  difference  in  the  anount  of 
ammonia  ebsorhed  by  the  dilierently  treated  plots  and  sec- 
ondly .whether  the  resulting  solutions  gave  an  acid  reaction 
and  thirdly, what  solvent  action  if  an:?  "the  ammonium  sulfate 
had  on  the  different  soil  constituents. 

The  concentrations  of  ammonium  sulfate  used  most  were 
one-tenth  nomr Kn/lO) )  ,normal(xi )  two  and  one  half  normal 

and  five  times  normal (5X0. 

JnlesE  otherwise  stated  the  soil  was  treated  as  follows: 
150  grams  of  air-dried  soil  were  treated  with  750  cubic 
centimeters  of  the  ammonium  sulfate  soluti on.'Iho  mixture 
was  allowed  to  stand, with  frequent  shakings, for  two  hours, 
and  then  filtered  through  an  unwashed  filter  peper.ln  every 
case  the  filtrate  was  perfectly  clear  but  yell bw, the 
intensity  of  the  color  varying  between  the  limed  and  the 
unlimed  soils  and  with  the  strength  of  the  solution  used. 

ihe  solutions  were  analysed  for  the  amount  of  anhiOnia 
absorbed, and  for  the  iron  and  aluminium, calcium,^ odium, 
potas8iun,sulfaies, cho rides  and  nitrates  removed. 

of  the  extracts  when  tested  for  their  reaction, 
using  litmus  and  phenol-^halcin  were  found  to  bo  neutral, 
thus  provini;  that  the  aixionii.m  sulfate  had  not  produced  any 
free  acid. 

Absorption  of  Anmonia. 
Ihe  amount  of  am.nonia  absorbed  was  determined  by  the 
amount  removed  from  the  solution  of  amnonium  sulfate. 
The  ammonia  was  determined  by  the  magnesium  oxide  method. 
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From  1  to  10  ccc  of  the  solution  was  used  for  a  determi- 
nation, depending  on  the  concentration  of  the  solution, 

K    m^®^^®  ^'^^  amount  of  the  amraonia  absorbed 

by  100  gramB  of  air-dried  soil. 

lable  II  .-;:illigramf!  of  Anaonia  absorbed  from 

^innoni lira- sulfate  3olutlone  by  100  iramG  of 
Aj  r-dried  ooil. 


Plot. 


ii/lO  solution  a  sol.  Hii*  aol 


0 

Limed 

72. b 

212.5 

^ot 

0 

Jnlimed 

60.0 

162.5 

175 

.^ot 

1 

Liaed 

72.5 

162e5 

250 

Plot 

1 

Jnlimed 

60.0 

200.0 

275 

iPlot 

6 

Lined 

77.5 

187.5 

175 

Plot 

6 

Jnlimed 

42.5 

62.5 

100 

i'lot 

7 

Lined 

62.5 

200.0 

100 

Plot 

7 

jnlimed 

57.5 

125.0 

225 

?lot 

8 

Limed 

67.5 

150.0 

150 

Plot 

8 

Jnlimed 

42.5 

87.5 

235 

'feklnc  the  plot  p.  ee  a  v?hole  we  find  that  with  an 
increa.se  in  the  oonoentrpti on  of  the  am;..oniu.j-eulfate 
solution  Uf3ed  the  amount  of  absorbed  amonia  incroaLes. 
Comparing  the  amountt-.  of  ammonia  abt orbed  by  the  eoil 
from  the  different  plotE  ..e  find  that  the  unlimed  ends 
of  plate  6  and  6  conFietently  show  a  rmaller  abiorptlon 
than  ani'  of  the  others, except  in  one 
strongest  solution  by  soil  from  plot 
in  amounts  absorbed  on  the  remainin.^ 
the  limits  of  possible  error, on  account 
t rat ion  of  the  solutions  employed. 

Ihe  results  show  that  somo  ohenge  has  been  brought 
about  in  the  ploJ;E  receiving  the  emnonium  sulfate  rdthout 
the  addition  of  limc.If  we  assume  that  the  absorption 
is  due  to  collojds  it  would  seem  that  the  amount  of  colloids 
present  in  the  amiaonium  sulfate  pi  ts  had  been  docroased. 
That  the  absorption  is  a  phy.-.ical  phenomenon  rather  than 
a  chemical  one  is  further  borne  out  by  the  amount  of  dye 
absorbed  b.  these  diflerent  soils. 


case  with  the 
8. The  variations 
plots  are  ^-jithin 
of  the  concon- 


Ab sorption  of  liyei 


and 

of  soil 


Ihe  d^es  used  were  aniline  blue, aniline  green. corraline 
eoBlne'l-he  method  of  procedure  was  f-n  follows;  10  grams 
were  shaken  uo  with  100  cubic  centimeters  of  the  dye 
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and  then  set  aside  until  the  supernatant  li(uid  vvae  oloar. 
iJitty  cubic  centinoterB  were  then  pipetted  611  and  conot,red 
With  a  standard  dye  solution  in  a  colorimeter. 

The  eoBine  and  correline  were  not  absorbed  by  the  FOil 
in  a  measurable  ruantity.il  at  all.Oiie  hundred  cubic  centimet 
of  the  aniline  blue  and  aniline  green  in  concentrations  below 
50  parte  per  million  were  entirely  decolorized  by  10  grams 
of  soil. The  concentrations  used  were  50  and  100  parta'^per 
million. 


Table  III. -Dye  iibeorbed  by  10  Grams  of    oil  from 
100  Cubic  Jentimetere  of  Dye  Solution. 

""""  AnilineJluc    Aniline  Jlue  ..niline  Jreen 

i'lot.  (50  I'arts      (100  "arts        (100  .arts 

oer  million)  per  million)   oer  million^ 


-lot 

0 

Limed 

49.68 

90.45 

07  .00 

Plot 

0 

Unlimed 

19.71 

98.50 

95.00 

Plot 

1 

Limed 

99.12 

96.67 

riot 

1 

Jnlimed 

49.76 

98.94 

95.97 

Plot 

6 

Li  me  d 

49.75 

98.58 

95.30 

Plot 

6 

Unlimed 

49.33 

93.54 

87.50 

Plot 

7 

Limed 

4^3.  V  4 

98.40 

26.00 

Plot 

7 

Jnlimed 

49.69 

98.24 

94.75 

Plot 

8 

Li  me  d 

49.73 

98.61 

94.50 

Plot 

8 

Jnlimed 

97.76 

92.00 

Here  we  eee  the  same  differences  as  were  found  in  the 
proceeding  table  of  the  ammonia  absorbed, tho  the  differences 
are  not  to  great. -here  is  fcin  increase  in  the  dye  absorbed 
with  en  increase  in  the  concentration  used  and  a  less 
absorption  by  the  h:oilfrom  the  unlimed  arca^i  of  plots  6  and 
e.the'two  euifete  of  ammonia  plots. The  limed  endj  oi  the 
plots  also  shov7  a  slightly  higher  absorption  than  the  un- 
limed. ^ 

ihc  dyes  eeem  to  have  a  defloeculating  elloct  on  the 
olay  tn  the  coil. as  they  settle  much  more  slowly  than  with 
a  corresponding  water  treatEBiit .This  is  particularly 
noticeable  on  the  limed  end  01  the  plot, from  which  the 
solution, even  at  the  end  tff  twenty-four  hours. vms  too  turbid 
to  be  ured  in  i  colorimeter. 

^         Jalcium  Oxide  ..emoved. 

ihe  amount  of  calcium  removed  f roa  the  soils  by  the 
different  treatments  was  determined  by  the  titration  no^fio^ 
with  potasf.iura  permanganate  .The  amounts  removed  xrom  100 
grams  of  air-dried  soil  are  shown  in  Table  IV. 
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Table  ly.-rdlligrBmF  of  Calcium  Oxide  removed  fron  iftfl  p-t^t^o 


191 


note  .ater    lution  ^  ol-        ol-      ;,ater     oi-      sol-  'i?- 

ution    ution  ution    ution  ution 


i^lot  0  Limed 
Plot  0  Jnlimed 
riot  1  Lined 
Plot  1  anlimed 
Plot  6  Limed 
Plot  6  Jnlimed 
Plot  7  Limed 
Plot  7  Jnlimed 
Plot  8  Limed 
Plot  8  Jnlimed 


69,45  176.05 

6.66  106.95 
12.73  116.75 

8.42  36.47 
10.17  177.05 

8.48  78.20 
11.92  122.05 

8,77  58.20 


182.65  171.00 
117.80  124.60 
118. U5  150.50 

42.08  55.90 
178.70  175.50 

83.90  77.50 
131.10  106.50 

59.60  65.85 


12.26j*103.75 

7.04  61.98 

10.95  95.65 

6.91  61.30 

11.21  82.19 

7.82  18.19 

10.43  99.05 

6.78  43.12 

9.91  92.95 

8.21  37.05 


218.05  237.30 
108.45  116.55 
205.15  242.85 
116.65  120.60 
156.65  184.90 

27.11  25.26 
205.17  243.87 

70.25  71.41 
199.05  233.66 

60.10  60.63 


Considering  the  table        a  whole  we  find  that  more  celojura 
is  removed  from  the  limed  ends  than  fron  the  unlimed.lhe  effect  o: 
the  anplicrtion  of  lime  in  11^13  is  pltiinl,v  ehown  b;^^  the  increcred 
amount  of  oaloium  removed  from  the  lined  ends  in  1913  over 
1912  b^^  the  noratl  2;  normal  s oluti on& .i'urther, in  1912  no  increB8< 
ie  noted  in  the  amount  of  celcian  removed  fron  the  lined  plote 
with  en  increaae  in  the  concentration  of  annoniun- sulfate 
solution  used. In  1913,hovvever^an  increase  is  noticed  vjith  eech 
increase  in  the  concentration  of  the  cnnoni^om-Gulfate  solution. 
V,ith.  the  nnliraed  ends  oi  the  plots  no  such  increase  is  n  iticed 
either  yeer, except  between  the  one-tonth  normel  and  normal 
concent rt  tions. 

J-tud^'ing  the  varietions  betr/een  the  different  plots  we 
find  the  chief  difference  to  be  the  smaller  a^o  nt  of  calcium 
removed  fron  the  two  sulfate  plots  6  and  8,bt)th  limed  and 
unlimed .ends « 

Thi.s  indicatee  that  the  previous  fotiliistion  with  anno- 
niun-Eulftte  has  dej)leted  these  soils  ol  thisi  element. ihat 
it  has  ft  solubility  effect  on  the  calciun  in  the  soil  is 
borne  out  b;'  the  larger  amount  of  calciiua  removed  in  the 
water  e>.trfBts  from  the  two  aulxtte  plots.lhat*  Lodiuiri  nitrate 
has  had  a  protective  action  on  the  calcium  is  shown  by  the 
Irr^er  amounts  of  calciun  removed  from  the  nitrate  plot  than 
from  the  no  nitrogen  plot  seven. The  presence  of  the  soda 
has  prevented,  the  soil  from  becoming  poor  in  calcium. V hen 
larger  rucntlties  of  lime  are  present  the  protective  action 
of  che  sodium  is  not  so  evideht 

>odium    and  potassium  .removed. 
Owin-r  to  the  lar^e  mrso  of  annonium  Kuliatc  and  the 
smi.ll  amount  of  sodium  and  potassium  in  solution  it  was 
difficult  to  mfxke  exact  determinations  oi  these  elements, 
.ieveral  methods  v.ere  studied, but  the  method  of  wei,^hin^  the 
sodium  end  ootashium  as  the  d.uble  chlorl des.and  then  deter- 
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minlns  the  potecf'iun  he  tho  ch]  orpletinn te  wee  lincl]y 
adopted. Ihe  reeultp  obtained  are  as  accurate  as  could  ho 
expected  undoar  the  ci  rcumctancee  . 

lakleV.  -I'.llligrtfmB  of    odium  Oxide  removed  from 
100  urama  of  Air-dried    oil  by  Different 
Solutionf;  of  ^.mmonium  3ulft3te. 


Plot 

h/lO  LOl- 
iitl  on 

ii  Sol- 

U  L  X  VJXi 

2 1  u  noi- 

U  1 1  UIl 

Plot 

0  Limed 

1^.£5 

32.60 

jeiot 

0  JnTimed 

11.40 

20.40 

25.45 

Plot 

1  Limed 

14.05 

23.05 

Plot 

1  Jnliraed 

1^.50 

20.40 

1^2.55 

Plot 

6  Limed 

7  .95 

17  .7  5 

21.20 

Plot 

6  Jnlimed 

9.80 

18.85 

Plot 

7  Limed 

9.55 

19.90 

22.00 

Plot 

7  Unlimed 

10.10 

18.30 

24.40 

Plot 

8  Limed 

8.75 

19.90 

22.00 

Plot 

8  Unlimed 

8.80 

18.75 

Milligrams  of  ?otaaeium  Oxide  removed  from  1.0  Jrams 
Air-drjed  'oil. 

Plot  0  Limed 
Plot  0  Unlimed 
Plot  1  Limed 
Plot  1  Unlimed 
Plot  6  Limed 
x^lot  6  Unlimed 
Plot  7  Limed 
Plot  7  Unlimed 
Plot  8  Limed 
Plot  8  Unlimed 

i.B  with  the  calcium  th©  todi.cto  and  pDtassium 
remoyed  increase  ..ith  the  ooncotration  of  the  amj^oninm- 
Bulfate  folutionc. Unlike  the  calcium  there  are  no  i^rked  ^ 
differences  in  the  amounte  ^^^^^^  f 

unlimed  end.  of  tho  plots. or  from  the  different  plotn. 
ThiF  -.^ould  seen  to  indicate  that  the  continued  Jl^e  of 
ammoniun  suliate  ha.   not  diminished  the  .f,,^^^^^^^ 
potassium  in  the  «^oilB, or. r.tatod  dif ic  entl^  the  '^^-"^^ 
of  l.^me  han  not  increacod  the  rate  at  ^hich  they  i^ere  re- 
moved  frOM  the  eoile. 


12.00 

13.60 

10.75 

27.15 

20.85 

14.45 

27.15* 

10.75 

23.70 

23.05 

10.00 

21.50 

24. 9f; 

in.65 

21.50 

17.70 

31.26 

28.75 

13.90 

26.85 

29.05 

14.55 

26.20 

25.25 

11.70 

22.75 
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Iron  end  /vluninum  ^iemovod. 

Iron  dete  mi  nations  oould  he  made  col.  ri  metric  only 
alter  the  l^rge^t  p€.rt  ol  the  ammoni  im  sulfate  had  boon 
removed, as  tkB        prevented  the  dcveloponent  oi'  the  color 
with  the  thIoc;^ate.i»o  coloriciet rio  dotux-Tninfetiont;  wore 
rafide  on  the  2*  .  nd  5  normal  extracts  as  the  amonnt  of 
ammonium  f^ulfate  was  too  large  to  be  driven  ofi  by  ignition 
without  £ome  mechanical  Iols. 

In  the  Z'l  normal  and  5  normal  concentrations  ol 
ammonium  eulftte  extract e . i ron  and  aluminum  were  detex-mined 
together  by  precipitating  with  ammonia  as  the  hydrate, Ihe 
precipitates  v/ero  all  light  in  cdjlor  thowin,:  that  they  were 
mostly  aluminum, but  all  had  some  iron  present. 

1.0  iron  was  found  in  any  of  the  water  extracts  or  in 
the  extracts  from  the  limed  ends  of  the  plott  with  any  of  the 
ammoniuqi  sulfate  solutions, except  on  plot  6  with  2i  nonut.l 
BOluti  m,and  on  all  the  plots  with  the  5  normal  solution. In 
all  the  extracts  from  the  unlimed  ends  of  the  plots  iron 
was  found  in  varying  amounts. 

Table  Vl.-iiilligra.iiS  of  Iron  uxide  reraoved  from  100  .Ci rams 
of  air^dried  .oil  b,  x)ifferent    olutions  of 
Ammonium  .ulfato. 


Plot 

u/lO  -olution 

i»  wOlution. 

Plot  1  unljmed 
Plot  6  Jnlimed 
Plot  7  Jnlimed 
i'lot  8  Jnlimed 

.40 
.46 
.43 
.89 

.79 
.51 
.50 
1.02 

Table  VII  .-Milligrt ms  of  Iron  and  Aluminum  OxidOG 
removed,  from  100  irams  of  Air-dried   .oil  by 
Different  S  olutions  of  Am^^onium  .uliate. 

Plot 

2-i  h  L olution 

6  H  Loluti^.n 

Plot  1  Jnlimed 
Plot  6  Jnlined 
Plot  7  Jnljmed 
Plot  8  Jn"'ined 
Ploe  6  Limed 

4.25 
12.00 
8.00 
7.75 
2 . 50 

6.50 
37..  00 

7.50 
20.00 

0.00 
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1  ^"^^^  Etriklng  difference  is  in  the  amount  of 

6  aSd  8^?tr?S^.r-i^"  ^"^"^"^  ^^^"^  "to  Plots 

th«  L«'!i^  l^f  ^^Shov  concentration. In  compericon  with 
the  amo'intn  of  iron  removed  h-  the  il/lO  and  li  eolutiono 

reroved^hv'?hrSr\'"  of  combined  oxides  * 

a?S^InL'Li'de.''^'''  concent  rati  one  would  seem  to  bo  due  to 

Acids  removed. 

i^mnt^tL^il'''''?^"^''^  ^^"^  ""^^^^  ammoni  um  sulfate 

Ittrp  amount::  of  amnoniijim  sulfate  presented 
difficultiee  which  interfered  vdth  the  accuracy  of  the 
determinations  in  every  inrtence. 

o 111 f uric  i^cid  moved. 
In  det-ermininp  the  sulfates  the  enoll  aliquot 
which  had  to  betaken  owing  to  the  amo-.int  of  sulfates  present 
made  a  slight  error  in  weighing, assume  lar.-e  proportions 
when  figured  to  eulfatee  removed  from  100  grams  of  soil, 
xhis  was  especially  trte  of  t  he  2f  normal  and  5  normal 
extracts. In  almost  every  case .howeve r.more  sulfates  were 
found  in  the  extrects  then  were  present  in  the  original 
solutions  ured.'>  here  this  was  not  the  case  the  difference  be- 
tween the  amonnt  present  in  the  original  solution  and  the 
amount  found  in  the  extr?  ct  was  so  small  aa  to  easily 
come  within  the  limit  of  error.'ihe  results  indicated  that 
there  was  no  accumulation  of  sulfuric  acid  im  the  soil 
which  would  cause  it  to  become  acid.i  s  has  been  claimed 
by  .;ome  invet^tijat  ors. 

Hydrochloric  Acid  Aemovod. 

In  trying  to  determine  the  amonnta  of  hydrochloric 
acid  in  the  extract  by  titration  it  was  found  that  the 
ammonium  sulfate  prevented  the  development  of  the  color. 
In  making  ^gravimetric  dete nai nations  no  precipitate  or 
cloudiness  was  observed  using  100  cubic  centimeters 
aliquots .This  shows  that  the  chlorides  ii  present  at  all 
were  present  in  concentrations  of  less  than  one  part  per 
million  of  extract, or  less  than  one-tenth  of  a  milli^Tram 
removed  from  100  grams  of  soil. 


iSitrie  Acid  .\omovod. 


i'itrJc  acid  could  not  be  determined  with  any  degree 
of  accun^cy  by  the  colorimctric  method. ?he  few  determina- 
tions made  on  the  more  dilute  exiracts  indicated  that 
there  was  no  epprecit^ble  difference  in  amount  removed  be- 
tween the  dif-'.erent  plots. 'Ihe  average  amount  found  was 
1.5  parts  per  hundred  thousand. 
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2aloium  Abetorption. 

^o^^.^??  absorption  of  calcium  by  the  soil  was  studied  in 
connection  with  the  determination  oi  eoil  acidity  bv  the 
Veltch  method.lhie  method  i.  ccsentially  a  mescuro  ox  the 
abeorption  oI  lime  b;,  the  Loil  and  not  1  moa.uro  of  any 
xreo  acid.  ^ 

Ihe  \eitoh  method  was  ufed  on  soil  from  tho  unlimed 
and  limed  ends  oi  plot  6.L0  difference  in  the  amount  of 
abrorbed  calcium  w.p  noted  betv/ecn  the  limed  and  unlimed 
areae.bDth  hrving  absorbed  at  the  rate  of  2.545  pounds  of 
calcium  oxide  per  acre  (2,000.000  pounds  of  soil  per  acre). 

A  second  mcthod.using  the  earae  r:ubttance .v.as  also  tried, 
niethod  100  grems  of  air-dried  Eoil  were  shaken  with 
500  cubio  'centimeters  of  a  spturated  cplclum-hj'drate  solu- 
tion and  filtered  after  two  hours.An  aliouot  of  the  filtrate 
wiis  then  titrated  and  the  amov,nt  of  absorbed  lime  determined. 
Ihie  method  ;ja"7e  a  nuch  higher  absorption  than  was  found  by 
tho  Veitch  method. i.o  difference  in  the  anount  of  calcium 
ftbfiorbed  between  the  limed  end  the  unlimed  ends  -.vas  observed. 
The  calciun  oxide  absorbed  7<il  equhl  to  11,776  pounds  per  acre. 

A  third  method, taking  a  solution  of  ciileium  sucrate, 
was  also  used. Ten  ^rams  of  soil  were  shaken  with  50  cubic 
centimeters  of  the  f^oluti  on,  filti  red  after  two  hours  and  an 
aliquot  tit  rated. 'xwo  strengths  of  the  calcium-suorate  solution 
were  ufed,-  a  saturated  solution  and  another  one-tenth  as 
strong. The  absorption  of  calcium  was  the  same  with  both  sol- 
utions and  on  both  the  limed  and  unlimed  areas. The  absorf)tion 
was  much  greater  than  with  either  of  the  two  previously 
mentioned  methods.The  unlimed  end  absorbed  at  tho  rate  of 
26,660  pounds  of  calciuii  oxide  per  acre, while  tho  limed  end 
absorbed  at  the  rete  of  22,850  pounds  per  acre. The  greater 
absorption  of  the  c&lcium  from  the  sucrate  solutions  is  due 
to  the  greater  ooncetration  of  calcium  in  these  solutions. 
Tho  Veitch  method  does  not  measure  the  true  absorptive  capa- 
cit;-  of  the  soil, but  measuares  the  absorption  up  to  the  )oint 
of  alkalinity-  of  the  soil.lhat  the  i.oil  can  absorb  more  calcium 
after  the  point  of  alkalinity  is  reached  is  shown  by  the  results 
obtained  by  the  other   lethods . ..ith  the  cal ci urn- ouc rate  solution 
the  limit  oi  the  amount  of  calcium  which  the  soil  can  absorb 
seems  to  have  been  reached, as  with  an  increase  in  the  concen- 
tration no  increase  in  the  £;mount  of  calcium  ebsorbed  is  noted. 

it  is  of  interest  to  compare  the  results  obtslnod  by  the 
above  methods  with  the  ctlclum  oxide  equivalent  Obtained  with  the 
Hopkins  method  of  detennininj  soil  acidity,  ith  ouxs  i^eohod  a  msrke 
difference  between  the  limed  and  the  unlimed  areas  of  plot  6 
is  found. ':he  unlimed  area  her-  a  much  higher  calcium  oxide 
eruivfilent  than  the  limed  area. The  calcium  oxide  oouivalent  of 
the  limed  end  is  651  pounds  of  calcium  oxide  per  acre, while 
the  unlimed  giver  an  eouivslent  of  4.97G  pounds  oer  c^ttre. 

This  "acidity", however, if-  not  due  to  the  presence  of  tree 
acids  either  soluble  or  Imsoluble  in  water. but  is  probably 
due  to  the  oroscnce  of  iron  and  aluminum  salts,  hen  tho  soils 
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^re  Rhrken  up  with  the  normal  potateium-nitrfxte  eolutlon 
ae  the  method  calls  for  an  action  rerombling  a  double 
decomposition  tekep  place  between  the  iron  and  aluminum 
compounds  and  the  potaesiura  nitrete  with  the  formation 
of  the  easily  h^drolyzable  iron  and  aluminum  nitrateawhi ch 
go  into  polutton.  V.hen  the  aliquot  is  titrated  the  titration 
shoves  the  amount  of  nitric  acid  present  in  combinatton  with 
iron  and  aluminium,  as  is  evidenced  b.y  the  heavy  flocculent 
precipitate  which  forrar.  during  the  titration.  In  order  to 
determine  if  nitrates  oi  iron  and  aluminium  bydrolyze  reat'ily, 
known  solutions  of  thoce  salte  were  made  up  and  titrated,  it  was 
found  that  the  entire  quantity  of  nitric  acid  present  could 
be  titrated. 

Summarizing  the  results  obtained  by  the  different  methods, 
we  find  that  the  soil  abtorbs  increasing  amounts  of  oalcium  from 
increasins  concent  rati  on.s  of  calcium  solutions,  and  that  the 
limed  and  unlimed  plots  abcorb  practically  like  amounts,  oi"  actual 
calcium. 

Analysis  of  Jrainage  Waters. 

To  determine  if  the  compOEition  of  the  drainage  watere 
would  throw  any  li^Tht  on  the  eifect  of  long- continued  use  of 
ammonium  sulfate  as  a  fertilizer,  the  following  analyset-  o:^ 
dareinage  w£.terE  from  the  plots  etudied  in  the  xirst  part  oi  vais 
bulletin  were  undertaken. 

The  drainage  waters  were  collected  in  the  spring  and  fall 
of  191?.  and  1913.  Most  of  the  sample;:  were  collected  in  the 
spring  after  the  frost  had  left  the  ground.  Only  three  samples 
ware  taken  in  the  late  fall.  i^o. drainage  took  place  during  the 
summer  and  early  fall.  The  waters  at  alltimes  were  clear  from 
sediment  of  any  kind,  m  the  spring  of  191£  five  ..ets  of  samples 
were  collected,  the  xirst  on  Llarch  16  and  the  la^'t  on  Llay  17. 
In  the  fall  a  set  oi  samples  was  collected  on  iiOvember  5  and 
December  6.  In  1913  the  firct  sampleE  were  taken  on  .  arch  9.  ?ive 
subs-equent  sets  of  samples  were  taken  at  intervals  of  one  -week. 
Another  set  was  obtained  on  Jecember  8. 

The  waters  were  analyzed  for  total  solids,  fixed  solids, 
calcium,  sodium,  potassium,  iron,  chlorides  and  sulfates.  As  the 
nitrates  vary  between  wide  limits  within  short  spaces  of  tine 
no  attempts  were  mf:de  to  determine  them,  except  when  the  water 
could  be  analyzed  ac  soon  as  collected,  iron  was  found  in  traces 

only  in  any  of  the  waters.  ,   ^  ^.v 

The  amount  of  drainage  varied  considerably  between  the 
di  ferent  plots.  The  amount  can  be  estimated  only  by  the  apparent 
flow  from  the  outlets.  PlotO  had  the  largest  amount,  with  plots 
1  and  7  closely  followi^ng  in  the  order  named.r-lots  6  and  8 
had  the  smallest  amount. The  differences  can  be  explained  in 
part  by  the  general  slope  of  the  field.x'lots  0  and  1  are  the 
lowest  in  the  field.lhile  the  slope  is  J^^/^?,,^  .^e 

orobablv  enough  to  cause  some  increase  on  the  lower  plots.xtie 
ac?^?  imo^l^?ot  drainage  for  the  year  could  not  be  determine, 
as  means  lor  measuring  the  flow  were  not  acailable. 
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Table  VIII. -Ave rage  Oompocition  of  Drainage  V.stcrs  in 
Partp  per  100,000. 


1912 


lotel 

Loes  on 

Calcium 

^ulfur 

Plot  Solids. 

ignition. 

ui  i  de . 

I  ri  oxi  de 

Chlorine . 

pring  /all 

-PS- 

^■all 

'Ug.  /all 

pg.  /all 

Cpg. 

/all . 

0 

—16.86  17.95 

5.0 

6.6 

2.06  4.25 

5.36  6.07 

1.42 

1.66 

1 

— ^:4.60  P.7.60 

7.2 

7.9 

2.45  4.30 

8.16  7.87 

3.05 

4.27 

6 

—27.60  35.50 

5.7 

8.9 

4.39  11.85 

11.61  13.29 

2.81 

3.99 

7 

—21.30  23.40 

7.0 

6.9 

2.49  7.20 

8.72  8.17 

2,15 

3.58 

8 

—30.30  32.90 

7.5 

7.8 

4.82  10.45 

12.95  12.79 

2.55 

3.15 

1913 

^  L odium  &  uli'ur 

Total      Lofis  on    Caloium  x^otaesium    Iri-  Chlorine. 
Plot     Solids    Ignition    oxide      Chlorides  oxide 

-Pg-         '-Pg-  Pg*  pg*     Pg.i^all    ^pg.  i^all 

/all         /all  /all 

0  —17.9  22.6  3.78  6.4  4.05  4.51     5.0  6.92     7.67  1.26  1.45 

1  —22.7  27.5  3.50  5.0  3.82  3.99  10.2  6.86     7.61  3.19  4.97 

6  —24.0  35.1  5.46  6.3  6.71  8.30    4.6  8.88  11.13  2.79  4.83 

7  --20. 2  26.9  4.72  6.0  5.24  6.73    4.9  6.49     6.65  2.72  5.62 

8  —26.4  36.8  5.28  6.5  8.03  9.67     5.2  9.79  11.70  2.88  5.35 


Oonparing  the  reeults  plot  by  plot  the  first  diflerenoe 
noted  is  in  Jjhe  amount  of  total  eolids  reaoved.iiorc  soluble 
seltF;  are  removed  from  the  tv?o  eulfete  olote  6  and  8  than 
from  b.n^  of  the  others. The  same  is  true  of  the  calcium  removed, 
the  ammoniiim  sulfate  evidently  reacting  with  the  calcium 
jn  the  eo:'l  to  form  calcium  sulfate. ihie  is  home  out  by  the 
increase  in  the  amount  of  tuliate  removed  from  these  two 
plots. Iheee  results  are  similLir  to  those  obtained  b.;  Lavves 
and  Jilbert  et  .iothamstead.in  their  study  of  the  drainage  water 
froa  ammoniiim- sulfate  t rested  plots  in  comoeri^on  v?ith 
those  differently  fertiliaed.lhe  protective  action  of  sodi.im 
nitrate  for  calcium  is  again  chown.aL  the  amount  ol  calcii^ 
removed  from  the  nitrate  plot  1  ic  smaller  than  that  removed 
from  the  other  plots. xhe  increase  in  the  °^ ^ 

and  potassium  chlorides  removed  from  ^^^i?  P^^^.^^^f 
Bodiim  nitrate.^  hile  the  above  table  v;ould  lead  one  to  think 
that  the  drainage  waters  from  the  diifcent  plots  had  a 
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rttdiCiill^  diiioreiit  oompoBition  from  one  another, thie  ie 
not  true, as  a  Btudy  of  the  average  percentage  compoeition 
of  the  fixed  eolids  will  r.how. 

lable  Ia. -Average  I'ercentage  Compociti on  of 

i''ixed  olida. 
iyi3. 


Caloiun 

.vUlfur 

Plot 

Oxj  de 

Iri  oxi  de 

Chlorine 

:  :>rine  j'all 

Spring  x'ell 

Spring  i'all 

0 

28 

28 

48  47 

9  9 

1  — 

21 

18 

40  34 

19  22 

6  

36 

31 

46  42 

lb  18 

7  — 

33 

32 

42  32 

18  27 

8  — 

36 

32 

47  38 

14  11 

V.hile  the  waters  differ  spmewhet  in  their  composition 
the  i-Dtiin  diflcirence  between  them  is  in  the  concent  rati  on,  Ihe 
watere  from  the  Bullate  plots  are  mox*e  concentrated  than 
the  others. 

'xhe  theory  that  calcium  when  removed  from  the  f.oII 
through  fertilization  with  fcmmoniiim  sulfate, is  removed  in 
the  form  of  calcium  eulfate  in  borne  out  by  the  above  roBults. 
IhiB  ib  more  cle?  rl^-  shown  by  the  ratio  of  calciura  oxide 
to  eulfur  tri oxide, which  isj  fairly  conctant  for  the  plots. 

Ae  the  waters  from  the  limed  and  unlimed  parts  of  the  jlots 
cannot  ue  y.epu  Kex-aJ^^te ,  t he  difierence  due  to  liming  one-half 
of  ufcOh  :.lot*Cfnnot  be  detc  . mined. io  de  termine  if  poeoible 
whether  an;  difference  exi bled, the  following  experiment  was 
conducted  with  coi2>  frou  the  limed  and  unlimed  areau  of  plot^ 
b  and  6. 

vialvanized-j  ron  cylinders  3  inches  in  diameter  vjoro 
driven  into  the  eoil  to  a  depth  of  eight  inchet.and  a  column 
of  Eoil  thufi  removed. Ihe  EOil  waa  left  in  the  cylinder  just 
as  it  was  removed  and  taken  to  the  laboratory  .A  linen  cloth 
filter  was  then  placed  over  the  bottom  of  the  cylinder  and 
the  J- oil  satun  ted  with  distilled  water. hen  eaturatod, 
bOO  cubic  cent i mete. 6        of  dictilled  water  were  poured  on  top  end 
allowed  to  percolate  through. Ihis  .;t^.^  repeated  five  times, 
rat  king  six  percolates  from  each  sample. 'xhree  samples  iron 
each      ot  we^e  treated  this  wry. 

>or  purpose  of  analysis  the  eecond  to  the  sixth  percolates, 
inclusive. were'  combined  into  one  sample.The  solutions  were 

then  analysed  lor  total  end  fixed  ^^^^i.^J •^P^^^l^V'^f^i^' 
ootasBium. marnesi-jn. iron, aluminum. sulif^tesf^nd  chlo.idos. 


a 
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Table  X.-  ConpoBition  of  vercolatee  in  x^arte  per  100.000. 


xdot  b^Limed         Jnlimed  nor  6  Lined  J  ,^  Jnl  iraed 

Com-  Com-  Con-  Con- 

^    ^      tin-  bin-  bin-  bin- 

lEt.  ed  1st.  ed  Ir.t.  ed  1st.  ed 
^otal  '  OlidB.  8:5.10.25.20  79. 5C  27. CO  89.90  24.50  112.30  29.70 
iiiccd  '.blids.  67.30  18.60  66.40  23.50  72.20  19.70  97.30  24.00 
-alGlim  oxide.  22.45  5.68  17.43  4.92  25.75  6.65  25.53  6.44 
^otessiim  oxide,  .85  .44  5.16  1.00  1.03  .50  3.57  2.36 
kagncElun  ojide.  1.78  1.11  1.99  .65  .77  .35  1.13  — 
:ulfur  trioxj de.41.60  10.53  40.09  13.50  28.71  9.59  30.77  13.62 
Chlorine,  1.26       .17       .80      .20  10.38      .49    22.45  2.89 

liable  Xl.-i  <>rcfcntt  jje  CompoBition  of  Fixed  ,olid£. 


■'lot  5  Limed. 5  Jnlimed, Plot  6  Lined, P. 6  Unllned 
Com-  Com-  Con-  Con- 
bin-  bin-  bin-  bin- 
1st.  ed  lit.  cd         l£t.  ed       1st.  ed 
Galcium  oxide,     33.56  30.54  26.25  20.94  32.89  33.76  26.24  26.83 
x^otaeeiun  oxide.  1.26    2.37  4.76    7.66    1.43    2.53    3.67  9.83 
itegnep:in  oxide.   2.64    5,97  2.99    2.76    1.07    1.78    1.16    -  - 
r.iilfur  tri oxide. 61. 01  56.61  60.38  57.45  59.76  48.68  31.62  57.58 
Chlorine,                1.87       .91  1.20       .85  14.58    2.48  23.07  12.04 


'ihe  first  difference  noticed  on  studying  Table  X.iR  the 
larjer  amount  of  soluble  salts  removed  in  the  i'fcrst  porcolate 
than  in  the  subsequent  portions. That  this  difference  ic  largely 
a  natter  of  concent rbti on  ie  shown  by  a  comparicon  of  the 
conetituents  ae  shown  in  Teble  XI. The  variations  between  the  two 
plots  are  tho^Je  due  to  the  different  fertilizers  uocd.i'lot  5 
hFifs  more  sulfates  tmd  majnosiun  and  less  chlorides  removed  than 
'Qlot  6.'"ince  plot  5  received  its  application  of  potash  as  low-grade 
sulfate  and  plot  6  as  muriate  of  potash, these  differences  were 
to  be  exoected, 

The  variations  between  the  limed  and  unlincd  ends  of  the 
olote  i  re  very  iiimi ler.iiorc  cr.lcium  and  less  potash  are  removed 
from  the  limed  enda  tht.n  from  the  unliinod  .'iraces  of  iron  and 
aluminum  were  found  in  all  of  the  extracte.but  rhowed  no  ^iij- 
erence  between  the  two  pi  tt  or  between  the  limed  and  unlimed  arert 
of  the  pi  ts.  ^  ^,  .   .  . 

C  jmparin--  the  oercentage  compOFition  of  the  percolates  and 
the  drainage  watere. both  based  oi   the  fixed  LOils.wc  f&nd  them 
B-ereeiar.  ver:^  closdy.The  per  cent. of  calcium  oxide  in  the 
l?ain.ge  wrter  of  1.13  for  plot  6  is  56  at  a.^ainst  30  found  in  the 
percolation  waters  from  this  plot  .averaging  the  limed  and  unl  imed. 
ulfrteF  ^n  the  drtinage  waters  are  48  TDcr  oent.  and  in  the 
oercolatee  44  •)er  cent. and  chlorides  in  the  drainage  waters 
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?f^«i^co?f/^'^?w'''u?  V'  "^^^  Percolatee  13  ner  cent,  of  the 
fixed  Rolidr.lhc  higher  reeulte  in  the  draint-e  waters  are 

ilflllL^'T.^'  ^'"^  drainage  coLrfrom 

the  limed  ends  of  the  plotc  than  fron.  the  unlimed. 


•  uiainary . 

:rhe  reeults  of  the  ejt oerir^ents  r.hov;  that  - 
(a^  Ihe  absorption  oi  amnjonia  frori  sulfate  of  annonia 
solutions        the  .-oilr:  etudicd  increaces  with  tho  inoreaso  in  tbo 
concent rfiti on  of  the  amraonium-.suliate  eolation  ut-od.lhi.s  increase 
ie  not  Btrictlj  proporti  om.l  to  tho  increase  in  the  cjbncent  rttlon 
01  the  ajiinonium-fiulxbts  eoluti  ons  .ihe  so:  Ik  from  tvvo.pl.ts 
previQUF.l^  fortiliaed  with  anmoniua  fculft.to  without  line 
absorb  leee  acuaonia  thrn  do  the  otherc.This  ehowc  that  the  con- 
tinued U8e  of  aiariioniuLi  sulfate  ha?-;  caueod  some  chrmgo  t>n  the  eoil. 

(b.)  The  absorption  of  dyee  by  theee  soils  is  very  similar 
to  the  absorption  of  amniOnia.More  dye  is  absorbed  from  the  more 
concentrated  solution  than  from  the  lesser  concent  rati  on .The 
two  unlimed  sulfate  plots  also  ebsorb  less  than  do  the  others, 
showing  that  th*ir  absorptive  powers  have  been  lessened. 

{  c.)  iinraonium  sulfate  has  a  solvent  action  on  the  calcium 
in  the  soild.and  depletes  the  soil  of  this  element .Ihis  is 
shown  b^  the  ammonium- sulfate  extracts  and  also  b;7  the  draina^^o 
water  analysis. 

(d)  Ammoniiim-suliate  seems  to  have  no  solvent  action  on 
sodium  or  potasfiun  in  the  soil  in  tho  presence  of  sufficient 
quantities  of  lime.xhat  it  has  a  slight  solvent  action  on 
potasLium  in  the  ab8>.nce  of  lime  is  shown  in  the  percolation 
experiment , whe  re  more  is  removed  from  the  unlimed  plottj  than 
from  the  limed.This  may  be  more  beneficitl  than  hamful.as 

it  will  m?ike  more  potash  available  for  the  ueo  of  the  plants. 

(e)  Mote  iron  and  aluminum  are  removed  farom  the  two 
sulfate  plots  than  from  any  of  the  others. 
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PART  II.     STUDIES  OP  WATER  EXTRACTS. 


As  the  foregoing  investigations  show  that  the  most 
noticeable  difference  between  the  plots  fertilized  with 
nitrate  of  soda  and  those  fertilized  with  sulfate  of  ammonia 
was  in  the  amount  of  soluble  iron  and  aluminum  removed, 
further  investigations  to  study  these  differences  were 
carried  on.      In  the  course  of  these  investigations  man- 
ganese as  well  as  iron  and  aluminum  was  found  to  be  removed 
as  a  result  of  ammonium  fertilization. 

As  far  as  the  author  is  aware,  no  previous  results  of 
investigations  on  the  presence  of  soluble  iron  and  aluminum 
in  the  soil  as  a  result  of  fertilizer  treatment  have  been 
reported.      Since  these  investigations  were  undertaken, 
Conners-*-    has  published  results  to  show  that  aluminum  ni- 
trate might  be  found  in  an  "acid"  soil. 

The  effect  of  manganese  has  been  studied  for  a  number  of 
years  by  numerous  investigators.      In  only  three  cases  has 
the  presence  of  large  quantities  of  manganese  in  the  soil  been 
thought  to  account  for  the  infertility  of  the  soil.  aiwell2 
found  considerable  amounts  of  manganese  soluble  in  water  in  a 
soil  which  failed  to  produce  leguminous  plants  and  Guthrie-^ 
found     .254  per  cent  Mn203  in  bare  patches  of  a  golf  green. 
Wilcox  and  Kelley'*  have  found  extraordinarily  large  quantities 
of  manganese  in  some  Hawaiian  soils, — as  high  as  5.61  per  cent 
Mn304  . 

The  results  of  numerous  fertilizer  experiments  with  dif- 
ferent manganese  salts  have  been  rather  contradictory.  In 
some  cases  manganese  seemed  to  increase  the  growth,  while  in 
others  it  either  had  a  negative  or  harmful  result.      In  general, 
however,  it  has  been  shown  that  in  small  quantities — between 
50  and  75  pounds  per  acre — most  of  the  salts  have  a  stimulat- 
ing action.      Above  these  amounts  a  decided  toxic  effect  has 
geeerally  been  produced.      The  toxic  action  is  usually  made 
manifest  by  chlorosis  of  the  leaves,  due,  as  some  claim,  to 
increased  oxidation  of  the  chlorophyl. 

In  order  to  determine  if  ammonium  sulfate  had  a  solvent 
action  on  manganese  in  the  soil  similar  to  its  action  on  iron 
and  aluminum,  soil  extracts  were  made  in  the  usual  way  using 
tenth-normal  and  normal  solutions  of  ammonium  sulfate.  No 
manganese  was  found  in  any  of  the  extracts  from  the  limed  plots 
and  only  traces  in  the  unlimed  plots  1  and  7  with  the  tenth- 
normal solution.      With  the  more  concentrated  solution,  traces 
were  found  in  all  of  the  extracts  from  the  limed  plots.  The 
table  shows  the  amounts  found  in  the  extracts  from  the  unlimed 
plots . 


1.  Ind.  Agr.  Kxpt .  Sta.  Bui.  170 

2.  Science  No.  399  (1902)  p.  291. 

3.  Agr.  Gaz.  N.  S.  Wales  21  (1910). 

4.  Hawaii  Kxpt .  Sta.  Bui.  28. 


{  20) 


Table.-  I2c3  of  linz  04  from  lOOg  of  Air-dried  3oil. 


Plot 
Plot 
Plot 
Plot 

1 

6 
7 

8 

Jnlimed 
f» 

fl 

If 

t  race 

•88  mg. 
trace 

.65  mg. 

.58 
1.52 
1.18 
1.45 

The  ammonium  sulfate  removed  marked  amounts  from  all  of 
the  plote  thuB  showing  that  it  hae  a  solvent  action  on  the 
menganeee  in  the  soil. The  larger  amounts  removed  from  the 
two  sulfate  plote  would  indicate  that  they  already  contained 
some  BQluble  men^^anese  ealts.due  to  the  previous  fertilizer 
treatment  • 

Ae  WHB  Btated  in  the  first  part, no  iron  or  alur^inum  w»8 
found  in  the  water  extracts  of  the  soils  when  prepared  in  the 
uDual  way  of  5  parts  water  to  one  part  soil  with  two  hour 
treatment. In  order  to  determine  if  an  increase  in  the  ratio 
of  water  to  soil  ot  the  length  of  time  of  standinf^  in  contact 
would  influence  the  amount  of  these  Fubstances  going  into 
solution  the  following  experiment  was  tried. 

i'ive  sets  of  two  hundred  .Trams  of  air-dried  soil  from  the 
limed  and  linliraed  ends  of  plots  1.6.7  &  8  were  weighed  out  and 
treated  as  follows: 


;ioil.g. 

1 .  ?.oo 

2.  £00 

3.  £00 

4 .  £00 

5.  £00 


All  of  the 'extracts  were  filtered  through  porcelain  filters 
under  preesuro  and  those  of  more  than  1  liter  volume  were 
evaporeted  to  one  liter. The  extracts  were  analyzed  for  total 
BOlidP.i  r on, alu;.iinum, manganese  and  silica .I'^ixed  solids  were 
determined  by  heating  the  total  solids  to  faint  redness  and 
weighing  the  residue. 


V.ater,cc.  Treatment. 

1000  filtered  after  2  hours 
IQOOO  "  "      "  " 

100.000  "  "      "  " 

1000  7  days 

10,000  "  "      7  days. 
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iJlxed  J.olide  in  -Ulligrams    from  lOOg  ^ir-dried  .oil. 


Two  hour  treatment  ©ne  week 

1-5        1-10        1-20  1-5  1-10 


'1  ox  i  lined  IB  SI  27  50  ^ 

iPlot  1  unMned  £0  12  24  28  28 

Plot  6  lined  17  30  25  43  27 

Plot6unlined  22  32  54  37  07 

Plot  7  lined  25  16  29  43  39 

Plot  7  unljmed  12  16  119  37  og 

Plot  8  lined  23  22  —  42 

Plot  8  unlined  18  36  48  37 


42  29 
29 


Xhe  results  are  rather  cont radictory.  k-hile  an  increase  in  the 
amount  ol  eoluhle  nateriatl  is  found  with  an  inci-ease  in  the 
proportion  of  wrter  to  soil  in  the  two  hour  treatment  .the 
roverce  le  true  when  the  longer  treatniont  is  used. iron  and 
aluminum  were  only  found  in  tracen  in  all  of  the  extracts. 
Silica  was  found  in  snail  r-uFintities  in  all  i>f  the  extract c  but 
chowcd  no  diflerencee  betv;cen  the  difierent  plots  with  the  excep 
ion  of  the  extracts  from  the  unli»ed  .  end  of  pi  t  seven  in  the 
1-20  treatment. vvhrne the  hirgh  fixed  solids    is  due  to  (jilica. 

I"an;5ariose  showed  the  mort  ctriking  difforencef.  as  a  result  of 
the  dilicrent  t reatments .iio  manganese  ,.as  found  in  v,ue  1-;^ 
and  1-10  extracts  when  in  contact  two  ho^s.ihe  manganerje  found 
in  the  other  extracts  le  shown  in  table. 

iianganese  in  mgsof  Lln^  §4  from  lOOg  air-dried  ooil 


[two  hour  treatment 

One 

ViCek 

1-20 

1-5 

1-10 

Plot 

6  iiined 

none 

.35 

trace 

Plot 

6  unlimcd 

.229 

1.53 

1.23 

Plot 

7  unlined 

none 

.40 

trace 

Plot 

8  unllme'd 

trace 

1.12 

.72 

The  other  extracts  showed  no  trace  of  manganese. AA  traces 
of  iron  and  aluminum  were  found  in  these  extracts  it  was  de- 
cided to  use  larger  quantities  of  soil  and  see  if  measurable 
amo'ints  of  these  subbtanoee  could  be  obtained. For  this  ourpoee 
eight  kilograms  ox  air-dried  soil  from  the  unlinod  ends  of  pl5ts 
1  6  and  8  were  placed  in  glass  Jars  with  an  opening  yr^e 
base  plugged  with  glass  wool  and  covered  with  a  linen  filter. 


I 
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Knota^h  dlEtllled  water  wt  t:  thon  hddcd  to  Eaturtito  the  :  oll 
fxnd  then  leit  in  thir  oondition  two  divs,>:ight  liters  ol  water 
trore  then  peroolatod  thro.igh  the  bo:  1. The  water  was  added  in 
port! one  of  one  liter, and  a  eeoond  portion  wts  not  added  until 
tne  lirBt  hr.d  peroolated  through. Ihe  poroolatoe  were  alT  con- 
centrated to  ono  lltor  on  the  water  beth  end  I'lltdr^d 
through  liltor  oaper.but  hs  the  flltrcto  from  pl^t  6  was  etill 
tnrbid  all  these  extraotr  were  filtered  through  porcelain 
filtorE.iMaplte  the  feot  that  the  extract s  of  plots  1  and  8 
apper.red  perfectly  clear  before  filtering  they  renuirod  three 
hours  to  filter  with  an  average  presEuro  of  forty  "pounds  vfhile 
the  extract  iron  plot  6  required  but  ono  half  hour.Tho  slowness 
with  which  these  filtered  would  eeem  to  indicate  that  colloids 
wore  present  In  the  extract. 

On  addition  of  anu^onium  hydroxide  to  the  extracts  and 
heating, a  heav;/  flocculent  orocipitate  fomed  in  each  ono.Ihe 
preol:>itate  was  filtered, W6f,hed  and  dried  after  which  the; 
were  analyiiod  and  found  to  have  the  following  conponiti ana, 

OonpOF.itlons  of  iixi.Oii  precipitate  calculated  to  nillesreDe 
from  1005  roil. 

."^lot  1  unlinod  ^lot  6  unllnod  'lot  G  uniicicd. 
*^-2^3                 .059                        .106  .Ofll 
310p                    .161                         .407  .500 
CaO                 1.403                     none  none 
l'n„0,               none                    1.30  .318 
trace  at  ^Cr^On^ 


I  he  BnBly;3lE  showE  that  no  re  inm  and  alurLnuia  and 
nangenese  if:  ronoved  fron  the  two  sulfate  of  eunonia  plots 
than  fro.a  the  nitrate  plot.it  in  of  IntcreBt  to  note  that  in  the 
extract  from  plot  1  large  amount e  of  caloi;iia  woro  preolpitated 
by  the  araraon.Va  ar^  Beemlngly  af?  the  carbonate, uc  there  wi.s 
a  narked  offeree  sconce  when  hydrochloric  aoid  wae  added  to  the 

precl  oltete .  ,  ^ 

On  further  heatin.:;  the  filtrate  fron  the  abovo  and  adding 
a  few  drooB  of  annonium  hydroxide  a  eocond  precipitate  forned 
In  all  three  of  the  extracts. ihic  precipitate  vjr.e  not  duo  to 
an  InLufficlent  anount  of  the  proclp  tating  agent  havinf-  been 
added. f.b  the  firet  filtrate  had  an  excecr  of  annonla.  Tne 
method  of  formation  of  the  precipitate  and  the  fact  that  part 
of  it  redissolved  on  washing  indicate  that  it  iwas  a  colloid. 
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The  precipitation  took  place  because  the  concentration  of 
the  solution  had  reached  the  limit  of  stability  of  the 
colloid  J  in  other  words,  the  concentration  became  so  great 
that  the  tendency  for  the  colloid  particles  to  coalesce 
overcame  the  tendency  to  remain  in  suspension.      The  table 
gives  the  composition  of  the  precipitates  in  percentage 
as  well  as  in  milligrams  of  the  different  substances  removed 
from  100  grams  of  soil  • 

Composition  of  Second    NH4OH  precipitate. 


Plot  1 

unlimed 

Plot  6 

unlimed 

Plot  8 

unlimed 

Vol  .  matter 

41.87^ 

15.34^ 

28.50/1 

AI2O3 

.93 

.015 

rag 

10.51 

.046  mg . 

2,50 

.024  mg 

Si02 

14.19 

.220 

H 

18.35 

.081  " 

34.25 

.335 

CaO 

35,50 

.552 

n 

none 

none 

23.00 

.225  " 

Mn304 

none 

none 

75.85 

.296  " 

4.50 

.044  » 

The  precipitates  are  slightly  different  in  composition 
from  the  first  ammonium  precipitates.    This  is  especially 
true  of  the  precipitate  from  plot  8  unlimed  which  contains 
considerable  lime,  while  in  the  first  precipitate  none  was 
found.      In  the  case  of  plot  1  the  amount  of  lime  has  fallen 
off.      The  precipitate  from  plot  6  seems  to  be  largely  mangan- 
ese.     The  calcium  in  plots  1  and  8  seems  to  be  present  as 
carbonate,  there  being  marked  effervescence  when  hydrochloric 
acid  was  added  to  the  precipitate.      The  precipitate  further 
shows  the  presence  of  soluble  iron,  aluminum  and  manganese 
compounds  in  the  soils  which  have  been  treated  with  ammonium 
sulfate.      The  above  experiments  were  repeated,  using  one 
kilogram  samples  of  soil.      The  limed  ends  of  the  plot  were 
also  included.      The  soil  was  treated  in  the  samw  way  as  in 
the  previous  experiment  and  proportionally  smaller  amounts  of 
water  were  used.      The  extracts  were  all  filtered  through 
porcelain  filters. 

On  the  addition  of  ammonium  hydroxide,  no  precipitate 
formed  in  any  of  the  extracts,  showing  that  only  small  amounts, 
if  any,  of  aluminum  were  present.      Iron  was  determined  colori- 
metrically  and  the  following  amounts  found. 

Milligrams  of  Fe203  from  100  g.  air-dried  soil. 

Limed.  Unlimed. 

7l57  .047 

.076  .070 

.172  .093 

,046  .065 


Plot  1 
Plot  6 
Plot  7 
Plot  8 


(  24  ) 


Oontmp  to  expectations  the  linicd  ends  of  the  plots  in  ell 
n?n??  tnn^^'^/''^    '^^^  ^'S^^"*  toeMb  thon  the  unlimed^and  the 
eilfete  olotp?^  "°  snuioniuni  Biafate  h£d  more  procent  than  the 

In  deternlning  raangenese  none  was  f o^  nd  in  an^^  of  the 
extractB  iron  the  limed  end^^  of  the  plotn  and  only  a  trace  in  the 
unljraed  portion  of  plot  1.  ^  ±n  tne 

Millecramp  Mn^O^  from  lOOg  Boil. 

Plot  1  unlimed  traco 

-^lot  6        "  1.49 

Plot  7        "  .49 

Plot  8        "  .47 

in  thff  previous  experiment e  the  unliraed  siilfate  of 
eninonia  plot  (6)  gave  the  greateet  ar^ount . 

In  a  BerieB  of  experimontG  conducted  in  a  Eimllar  nianncr 
with  fcamplefc  of  coil  collocted  in  the  fall  of  1915  no  iron 
was  found  in  anj^  of  the  extractc,and  the  a.Mount  of  raan;^aneee  7?aB 
ooneiderabl^  lees  than  that  found  in      previouG  samples. lio  raan- 
-^jh.n^jf.e  wa3  found  In  an^'  of  the  limed    oxtractp  nor  in  the  extracts 
Iroui  tae  Uiiiimed  ead  of  plot  7.'i.hc  average  amountt  found  from  the 
unlimea  culiato  of  tmraonia  plots  6  and  8  were  ao  follows: 
"lot  6,2.87  mgs;  'lot  8,1.04  mgs.  f rom  100  gramc  of  soil. 

AL  several  of  the  foregoing  oxperimonts  had  indioetod  thrt 
coll o3  dp  night  be  present  in  the  extracts  an  attempt  way  i.rf-.de  to 
sttijarate  them  rnd  determine  thjir  oonpositi on.iho  method  followed 
was  the  one  def.cribed  by  ^heeir  .x^ight  kilogranc  of  pojI  from 
■f  no  unlimed  end  of  plot  6  and  the  licked  ends  ox  laotb  o  tixid  b 
vere  extracted  v.ith  water  at  in  the  proMOue  experiments. Owing 
to  the  macs  of  euepended    clay  which  could  not  be  rccovod  by 
filtering  through  filter  pftper.the  extracts  were  filtered  thro  .gh 
porcelain. ',hile  thir  filtering  undoubtedly  removed  some  of  the 
colloidt:  in  the  extracts,  a  orecipiiato  of  a  colloidal  .^atui^ 
.separated  o  .t  at  the  poiait  mentioned  h;,  I'hacr.'ihc  .j.i.-dried 
weights  of  the  different  colloids  wls  a£  followr: 
Plot  6  Limed  l.blCOg 
Plot  6  Jnlimed  .2415g 
Plot  8  Limed  .1850g 
On  analyzing  the  colloids  they  were  found  to  have  the 
following  conporition. 

Comr)orition  of  'oil  Colloids. 

.-•lot  6  Lined    Plot  8  Limed    :^lot  6  UnLlmed. 


H^O  and  T  .  • 

Vol  i.IJ.tter.  i51.40>  8^^.60,.  1..4J/. 

*  iOn  5.34  1:5.18  4.49 
*30  "  67.59  48.85  53.59 
*0a8                                44.38  60.14  34.39 

*  On  non  volatile  solids  basis. 


I.  Jour.f  Landw .Vol .60 . 
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,   .  Trtices  of  iron  were  found  in  al]  the 

precipitPteB.xhe  ,)reci  piu.tee  had    u  !:omGwhbt  diiTo  ont  oompo- 
fiition  fron  the  ool  1  oi di: , the  noet  notrblc  diiierence  being  the 
large  f  mount  ol  eiliee  found,  xho  preci  oitate  from  tu.  alarmed 
eulltite  p^  tr  had      in  addition  to-hcere  Bome  mr-n-ancso  uulifatG 
present.  (!r 

In  oraer  lo  determine  if  the  oonditlons  of  the  noil  vvore 
the  bame  in  previous  ye  a  re .  staples  oi  soil  from  the  limed  por- 
tione  of  plot  6  and  the  unlimed  portions  of  plotc  5  andt  6 
collected  in  the  fall  of  1912  and  a  eamDle  fron  the  limed* end 
of  plot  8  collected  in  the  fall  of  lyiO  were  extracted  in  the 
eeoe  manner  as  in  the  previous  experiment . 

On  pnali'zing  the  extracts  for  i ron, aluminum, silica  and 
manjenese  the  foil  owl n^  roRultn  v.ere  obtained;Ko  iron  or 
aluminum  v»ere  found  in  the  extracts  fron  the  limed  plots. In 
the  exlmctF.  from  the  unlimed  plots  5  and  6,15^j  AI2O3  and.Oal. 
AlpO^  respectiveli  viae  found,  .ilica  detori:ii nations  tjhowed  thtvt 
like  amounts  in  cmt 11  cuentities  were  present  in  all  the  extracts. 

I'.r.nganere  was  found  in  all  l)f  the  extracts  but  only  in 
traces  in  those  from  the  limed  plots.! he  unlimed  plots  ;ja-ve  the 
following  amounts , figured  to  100  grams  of  air-dried  soil. 
Plot  5    2.^56  ag  Vj^zOa 
not  6    3.18  mg  "  " 

These  result t  show  that  the  same  conditions  existed  four 
yeere  ego  as  ere  found  at  the  oresent  time. 

Havj  ng  found  that  the  ammonium  sulfate  in  the  ;.oils  seems 
to  have  a  solvent  action  on  manganese,  i  ron  and  .vluvanum 
compounds  irn-%he— B^i^l  it  was  thought  desirable  to  test  out 
other  soils  that  had  been  similarly  t reated.'f his  was  made 
possible  through  the  cooperation  of  ly'r.lhorne  of  the  Ohio 
Kxperiment  '  tetion  and  jJr.Hartwel"'  of  the  .ihode  Island  tation-*- 
Soils  that  had  previously  been  fertilized  with  ammonium  sulfate 
were  obtained  from  both  stations: . 

The  Ohio  f;oi  1  ic  a  rather  heavy  clay  loam  and  was  taken  from 
;-:ection  C  of  the  five  year  rotation  experiment  described  in 
circular  144  of  the  Ohio  Experiment    station  page  69. The  rotation 
consists  01  the  following  crops  grown  in  the  order  named; corn, 
oats,  wheat ,  clover  and  timothy,  tho  section  from  which  tVie 
samples  were  taken  being  in  clover  at  tho  time  oi  sampling, The 
experiment  was  begun  in  1895  and  the  unlimed  ends  of  the  plots 
sampled  had  never  been  limed. Tho  saraplca  wore  taken  from  the 
limed  and  unlimed  endt    )f  plot  8  and  plot  24  which  receive  the 

following  fertilii-ors:  ,  x      ^     *  v 

^lot"  8-00  pounds  ac.d  phosphate, 80  lbs. muriate  of  potash 
to  corn  and  oats  and  100  lbs. acid    .hosphate  and  100  lbs. muriate 

of  potash  to  wheat.  ^  u 

>lot  24—160  lbs. acid  phOLphate,801bs  .muriate  of  potash, 
80  lbs. sulfate  of  f  mmonia  to  com  and  oats  and  160  lbs.  acid 
ohosohr  te  .1001b E.  muriate  of  potash  end  60  lbs.  iruliatc  of 
ammonia. The  clover  and  timothy  were  not  iertilii:ed. 


l.ooilb  from  the  renhsylvania  i-xpt  ..te.were  received  too  late 
to  be  included. 
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In  regard  to  the  growth  of  clover  on  Plot  24  Dr.Thorne 

In^liLV  =  r^"^^^  been  ^iSelly 

no  clover  oh  the  unlimed  ammonium  eulfate  plotc  in  our  work, 
ihere  are  occaBionally  a  few  scattering  plants. but  probably 
not  20  plants  on  the  entire  20th  acre  plot.  Jpeakin  g  of  the 
limed  end  of  the  plots, he  etates  further  -  "—you  cannot 
dictlnquieh  between  the  three  plotB(23.24  &  25)  altho;.;^h  if 
you  were  to  go  through  the  field  you  would  sec  that  the  growth 
on  plot  25  unfortlliLQl  ic  much  lees  luxuriant  than  On  olots 
23  &  24;in  other  words, the  clover  on  thin  lund  requires' 
fertilizers  ac  well  ac  lime, and  when  the  ammonium  eulfato  is 
neutralized  with  lime, we  get  a  luxuriant  growth. xhoro  is  also 
more  or  leee  sorrel  on  this  land  whenever  the  clover  growth  is 
BO  weak  as  to  give  room  to  the  sorrel. There  are  usucilly  at 
the  beginning  of  the  season  ac  many  clover  plants  on  the 
unlimed  as  on  the  limed  land, but  they  do  not  get  much  beyond 
the  nutrient  furnished  by  the  seed  and  by  harvest  have  die- 
appee  red." 

The  soil  from  the  lihode  Island  otation  is  taken  from  the 
permanent  plots  23,25  and  29  and  is  a  sandy  loam  type.lhe 
plots  have  received  the  same  fertilizer  treatment  with  only 
differences  in  quantity  applied  since  1893. The  fertilizers 
applied  have  been  as  follows :- 

Plot  23  -  i^mmonium  sulfate, acid  phosphate  .muriate  of  potash. 
Plot  25  -  "  "  "  "  "         "  " 

Plot  29  -  sodium  nitrate,      "  " 

The  amounts  applied  the  past  season aWo re  as  follows ;- 
In  the  ejrring  50  poundt  of  nitrogen  in  nitrate  of  aoda  or 
sulfate  of  ammonia. 125  pounds  phosphoric  acid  (P2O5)  aci^ 
phosphate  and  100  pounds  potash  (K2O)  in  low  grade  sulfate  of 
potash. in  July. 30  pounds  of  nitrogen  in  nitrate  of  noda  or 
sulfate  of  ami-.onia,75  pounds  phosphoric  acid  in  acid  phosphate 
and  60  pounds  of  potash  in  low  grade  sulfate  of  potash  were 

^^^''^^In'addition  plots  25  and  29  have  been  limed  in  1003,1894, 
1902  and  1915. In  i915  plot  23  was  also  limed  for  the  first 
time  since  the  plots  were  laid  out .  receiving  500  pounds  CaO 
por  acre. .-lot  25  xt^ceived  at  the  same  time  1500  pounds  per 
acre  and  plot  29,1000  poundc  per  acre  of  GaO.Plot  23  was 
limed. Dr. hartwell  states. because  it  "was  beco.iiing  so  very 
unsuitable  for  crop  growthr— -.Jndcr  these  conditions 
(i.e. Liming)  certain  crops  made  an  exceptionally  good  growth 

^""^These'soilB  were  treated  in  exactly  the  Fame  way  as  todr 
own  soil  being  air-dried  and  passed  through  a  soive  having 
Peven  holes  to  the  lineer  inch..ater  extractions  vore  mauo 
from  the  lihode  Island  soils  in  the  ^r^^f.^^^^f  the 

above, using  one  kilogram  samples. Owing  to  the  nature  of  the 
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Ohio  GOD  Is  It  was  imon.cticrble  to  obtain  percolatcc  in 
this  way,  the  water  percolating    too  clowly.They  v;ero  accord- 
ingly Bht^ABii  lor  two  Qoure  on  a  mechanical  shaker  with 
twice  af;  muoh  water  as  soil  and  then  iiltered  throuch  filter 
paper  and  finally  through  porcelain  filters  under  pro e cure. 
Doterrainetione  were  then  made  for  i  r on, aluiai num. manganese 
and  acidity. 

The  extracts  from  the  Ohio  soil     wore  neutral  to  indi- 
cators in  eyer^T  oaae  while  the  extracts  from  plots  25  and 
£9  of  the  .-ihode  Island  soile  wore  slightly  alkaline  and  plot 
£3  slightly  acid,  roqui ring  .6  cc  Li/lO  ammonium  hydroxide  to 
neutralize  it. 

xests  for  manganese  showed  that  none  was  present  in 
any  of  the  i.hode  Inland  soils. The  Ohio  soils  showed  manganese 
in  all  cat:e8.'ihe  amounts  found  beinv  as  follows: 

iv^ngancse  as  MngO^  in  mg  xrom  lOOg  soil. 

Plot  8  limed  trace 

Plot  8  unlimiid  ,16  mg. 

Plot  24  limed  .0;5  mg. 

Plot  24  unlimed  .64  mg. 

One  notes  tae  same  recult  that  war  observed  ^^rcviously 
wita  criti  iiuiuex-.  4/  eoils^  much  more  manganese  ui-j-i.^j  renoved 
from  the  unlimed  ammonium  sulfate  jjlotc  than  from  the  limed 
or  no  nitrogen  plots. The  iron  determinations  do  not  give 
as  concordant  results  er  thoee  with  man.-anese ,  the  amount  p. 
of  iron  found  in  the  different  extracts  varying  rather  widely. 

i'e  as  FvigOs  in  mg  from  lOOg  soil. 

uhio. 

Plot  8  limed  trace 

Plot  8  unlimed  .050  mg. 

Plot  24  limed  none 

Plot  24  unlimed  "  .031  mg 

dhode  Island. 

Plot  23.  .19-. 36  mg 

Plot  25.  trace 

Plot  29.  none. 


The  results  with  the  Uhio  soil  are  again  similar  to  the 
results  with  the  Amherst  soils, more  iron  being  found  tn  the 
extracts  of  the  no  nitrtgen  plot  than  in  the  extracts  from 
the  amraoniiua  sulfate  plot.ihc  results  with  the  .ihodo  Island 
soil  are  just  the  reve.ee, much  more  iron  being  iound  in  the 
extract  from  the  amaonium  sulfate  plot  than  in  the  extracts 

from  the  other  two  plots.  ^.v  +v^o 

Aluminum  determinations  were  also  made  on  all 
extracts  but  none  was  found  in  any  except  .^ot  ^3  ol  the 
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Of  the  dhod.0  Island  eemples  where  Sing.SAlpO':^  from  IOOp  of  -nil 
found. The  precipitate  also  contained  EonS  iron!  ^ 

Sumina  ry . 

Briefly  Bumniarizing  the  resultB  of  the  foregoing  exper- 
iments we  find  that  irom  soils  that  have  been  fertilized 
with  ammonium  sulfate  without  lime  appreciable  amounts 
of  iron, aluminum  and  manganeac  are  removed  by  washing 
with  water, while  where  lime  ha.'j  been  applied  with  the 
sulfate  of  cjTimonia  no  i  ron, aluminum  and  manganese  or 
onl^  traces  have  been  removed. 
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PART  III.     CULTURE  STUDIES. 

in  iLVoll  oxtl^ctf '?ron°alI]^Jn,!f  ""5         -^»t,mceB  found 
plant  growth  o"ltur^wo^rof  ^rrouoT^ndn"''''"'''''."''^''^  Influence 

notched  corkB  and  placed  in  the  culture  Bo^utione!  ^ 
of  Jsn  ^"^^"^^  solutions  were  cont.aned  in  B-a?"S;uthed  bottles 
of  if  incha«  c^^P-city.  with  neckB  hLin^a  di^e?"r 

of  It  inches.  Four  aeedlin-B  xvere  pl  iced  in  each  bottle  I« 
each  exp=3riment  ^b  carried  on  in  triplicate  thiB  KaJe  a  ;ot'vf 
of  twelve  Boedlin^TB  for  each  treatnent. 

The  Boil  extracts  were  made  by  mixing  two  parts  wator  vith 
one  part  soil  and  letting  the  mixture  stand  for  abou?  two  hours 

^iiLrirtr'  --ter  was  either  ported  o??  o; 

IZ    t  ^^'""'^^^  porcelain  filters  under  preai^ure. 
The  first  series  was  conducted  with  extracts  from  the  limed 

wi2i^???.^"^2  °^  ^'  was  made 

up  w*th  filtered  extracts.    ;nd  a  second  set  with  the  unfiltered 
extract.      The  aeedlin^rs  used  were  rye  and  red  clover.  The 
experiment  was  continued  four  weeks,  at  the  end  of  which  the 
plants  began  to  wilt. 

The  first  differences  were  noted  at  the  end  pf  the  first 
week,  the  lye  seedlings  in  the  extracts  from  the  limed  ondn  of 
the  plots  being  better  than  tho^e  in  the  extracts  from  the  un- 
limed  areas.      The  seedlifigi|  in  the  extracts  from  the  unlined 
areas  all  had  a  reddish- colored  stixn,  and  did  not  make  as  (rood 
a  growth  as  the  others.      The  clover  seedlings  showed  similar 
differences,  but  more  in  the  roots  than  in  the  tops.  The 
differences  became  more  narked  as  time  went  on,  and  differences 
in  the  root  development  bectune  noticeable.     The  roots  in  the 
extracts  from  the  unlimed  end  of  plot  6  became  stunted  and  thick- 
ened, and  the  roots  in  the  extract  from  the  unlimed  end  of  plot 
8,  while  not  stunted,  showed  a  poorer  growth  than  the  others. 
Ihen  the  expo^riment  was  discontinued  the  seedlings  in  the  extract 
from  the  limed  end  of  the  plot  1  and  8  were  the  best,  with  the 
poorest  in  the  extracts  from. the  unlimed  ends  of  plots  6  and  8. 
As  the  clover  seedlings  did  not  make  much  growth  they  were  o- 
mitted  in  the  second  series  and  only  barley  was  used.  Barley 
was  chosen,  as  it  has  been  found  to  be  more  sensitive  to  toxic 
substances  than  rye  setJdlings.      The  filtered  extracts  \vere  also 
omitted,  as  no  dif f (jronces   /ere  noticeable  between  the  filtered 
and  unfiltered  extract*  in  the  first  series* 

As  in  the  first  series  the  second  was  continued  four  weeks. 
At  the  end  of  the  first  week  no  differences  were  noticeable  in 
the  tops,  but  the  roots  in  the  extract  from  the  unlimed  end  of 
plot  6  again  showed  the  stunted  and  thickened  appearance.    At  the 
end  of  two  weeks  the  tops  in  the  extracts  from  the  unlimed  ends 
of  the  plots  began  to  wilt,  the  tips  of  the  leaves  turning  white. 
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alike  ..hue  In  the  extraoL  Li  ^^  "*'. "^""t 

were  the  ae.dli^^a  in^thr^xtrt'f ^or^l^f  5"'"^%^^  '"-'S^r^ 
were  wel;;hecl  *?reen    hnt  tv,r.  i  *  ^  .-^  geedllnga 

which  we're  appnrent  to  t^o  e.e!^'    '  ""'^  '^"^  differences 

ex^r;^.^«^'''^  experiment  using  red  clover  aeedlinr^s  with  ',6il 

to  Lne  unlavoratle  wee-ther  con-iit^om  thf»  r^l^nta   ♦  "'-^"-^ 

afl^  ""f  .h'^"^'^^:      '''''  ^iiff^'ncrB^^'r^Lev'r  notice. 

Len^^luricMon''?^  carl^onate  did  not  havraJ^' 

ocnc.icial  action,  the  plants  in  the  aoil  extract  from  thft 

TrTTivT^^''^y  ''^'^  ""^^  ^^^^^^^^^         a5d?Uon  of  U.e 

it^l)eriment3  were  next  undettaken  to  d-termine  whethf-r  ornot 
iron  and  aluminum  exorted  a  toxic   -ction  on  r^lunta  and  wJe?het 
cUciurn  carbonate  or  sulfate  ^.ould  counteract  the  toxictt;-. 

At  the  tine  the  culture  expcri)ci?>?t8  Tzere  undcttalren  rrac- 
ln^ui^,  !;.°  this  nature,  using  iron  ««d  aluTn?;um  saUs 

in  culture  solutions  had  }:er,n  reported.        The  only  ..x-^rim^^nts 
known  heinr^  tho^e?  at  the  Rhode  Island  3tation\  Since  then 
however,  Cor:noro'  of  Indiana  had  }n.bliuhed  r  ^gylts  6n  the 'toxic 
action  of  aluminum  on  corn  seedlings  and  Gile^  has  published 
resvlta  of  the  toxic  effect  of  aalts  of  iron  on  rice  s3ndlln--8. 

The  salts  uaed  in  the  following  experiments  v^ere  ferrous 
sulfate  ,in''  alurd  iuri  .CT-onii-rPi  fjulfate.       TT^o  alurn  \ya.n  used 
instead  of  aluminum  'mlf  ite  hecauee  the  latter  was  not  on 
hand.       Standard  solutions  of  those  salts  of  one  t.-nth  nolecuJar 
stron^^th  were  made  up  ancJ  diffejrent  -iciounts  added  to  the  nutrient 
3olutions, 

The  nutrient  solution  uned  was  sli^jht  modifications  of 
Pfeffers  and  was  made  as  follows: 

Solution  (a):  20,5g  %  no4  dissolved  in  3^0  cc  distilled  water. 
Solution  (b):  40«  Ca  (N03)r>,  10  (5  KNO5  20.56g  llao  Hr04  dis^ 
solved  in  250  cc  dintilled  water. 

One  hundred  cubic  dentinuters  of  solution  (a)  and  100  c6bic 
of  solution  (b)  wsre  then  added  to  9.8  liters  of  dintilled 
wate|;^aud  a  few  drops  of  ferrie  chloride  solution  ^^&Gt&Jc£«v<A//mdl^ 
/aU.  subsequent  sxporiements  as  the  toxic  action  of  the  aoil  ' 
in  the  field  was  most  marked  on  the  clover  crop. 

The    ;e  ?ds  were  ,::;eminated  on  p. ?rf orated  paraffin  disks 
covered  with  cloth  netting  aJnd  floated  on  water,  similar  to 
the  paraffin  coated  wire  f^auze  used  in  the  earlier  exyv»ri- 
rnents. 

The  first  experiment  was  carried  om.  with  alum  salt  only. 

^  RI  Ann.  Rpt,  1007  ^  Indiana  ]5xpt.  '^ta.  Bui.  170 
Jour.  Ac^r.  Remarch  Vol.  #3 
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Treatment  enployed  in  First  Kxperirnont. 
.  Nutrient  solution  (check), 

5.  r,  .Pie  ri3  ]Jo,  2 — CaO 

iJo:  lo-^ch^^tL:-  ^^^^^ 

,!nrL"'r/^^<^"'  ''^^  '"^^^  but  the  ch'cy 

rn?^?  :      i  f  ^r-'f"'        •"^'"'^^  ^^'^^  'bunted,  --he 

roctfs  cone  Bted  of  the  ainejle  taproot  Mthout  root  h-.Irs, 
Four  da73  lit«r  the  tors  b-p;an  Bhowin^  difforonces  314- 
liar  to  the  roo-R.      The  v^orat  r^o-dlinr:^  were  tho^n  in  the 
ni.;nc3t  concentration  of  aluminum,  the  conditionf?  in- 
provm/^  -1th  a  docrenac  in  the  amount  of  alur.lnuri  p-"r5ont 
The  presence  of  the  cai44wra  oxide  oeomed  to  oountoract 
tho  toxic  effect  in  a  "i«rVed  der^ree  "but  not  *¥nttrf»ly  'ex- 
cept in  the  noHt  dilute  fiolution.      At  the  end  of  four  weeV 
v/hen  the  exp'irlrnnnt  y^fi^  :\i^nnntimu^A ,  tv;e  differnnoen 
wore  the  aane  aa  noted  the   ina  of  thf?  fir^t  weak,  only  more 
pronounced.      TYw.  ^^c^dlln-^f^  in  the  hottlen  containinn-  '^16 
part:?  pir  .ailiion  (No  S)  nnd  ICS  virfi  per  million  (i)  of 
the  aluminum,   rear ^^nti vely ,  hid  died  nt  the  end  of  the 
third  tveok,  even  in  those  traated  yrlth  calcium  oxide. 
The  check  was  in  eitoellent  condition  and  No.  7  (43p.p.Tn. 
plus  CaO)  waB  fair. 

In  the  f?econd  exp'^rlment  a  r^eries  of  cultures  v/ith 
ferroui^  sulfate  vra«  adf^ef^  n.m]  In^^tead  of  usin';  o-ilciurn 
oxid'?  to  neutraliiie  tlie  toxic  action  of  tho  aluninun  qalt 
the  carbonfite  and  sulfate  were  used  in  order  to  a\'-oid  the 
dp.n^ror  o-^  havimr  the  nutrient  -solution  beoone  alkaline  from 
the  calcium  oxide.       Knout?:h  of  the  carbo-nte  and  i^nlf-ite 
wae  adde'i  to  ncike  a  saturated  f^olution, 

Treatnent  employed  in  Sedond  ^"^x-perlfn'^nt . 

1.  Nutrient  jolution 

Id.  Nutrient  J'jolution — CaC0;O  Q^^^kg 

3.  Nutrient  f3olution-~Can04  j    '  ' 

4.  iJutrient  3olution--alur.inum  "ioLs  43  p.}'»rn«  of  Al. 

5.  Nutrient  Bolution--Al  3ol.-.-CaC03 

6.  Nutrient  3olution--Al  aol.  —  Car?04 

7.  Nutrient  solution — Al. 3ol.«erJl . 6  p. p.m.  of  Al. 
8»  Ntitrient  solution — Al  3ol.  —  CaC03 

9.  Nutrient  solution — Al  3ol.  — Ca5^04 
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10,  Nutrient 

11,  Nutrient 

12,  Nutriont 

13,  Nuteiont 

14,  Nutrit3nt 

15,  Nutrient 

16,  Nutrient 
)    17.  Nutrient 

18.  Nutrient 


Bolution' 
solution, 
aolution- 
solution' 
solution- 
□  olution- 
solution- 
solution- 
solution* 


-Pen04  sol.  220  p. p.m.  of  Pe, 

— PeRO^  3ol, — CjCO^ 

-PeSO^  sol— CXSO4 

-Peno^  nol«  lie  p. p.m.  of  PK, 

-PeRO,^  ^ol.  — cacO;^ 

.-Pen04  sol,  — Cano4 

.-Por,04  sol, =45  p.p.n.  of  Pe, 

-FeS04  3ol.  — CHCO3 

-Per?04  nol,  --CaRO^ 


4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 


At  the  end  of  threje  days  most  of  thn  plmts  in  the 
hi-hor  concentrations  of  the  ferrous  sulfate  had  died 
These  uere  replaced,  hut  by  the  end  of  the  first  x,c± 
the.o  too  had  died.      This  failure  of  the  pl-xnta  to 
make  a  start  was,  I  think,  in  part  duo  to  unfavorable 
weather.  ther<»  Yeinc  practically  tn  thn  fiirnt  o;»-iuii, 
oaa^  no  sunshine  duri nfx  this  first  week.      The  same 
difioroncos  as  indicated  in  the  first  ex]  eriinent  ^ve-e 
noticed  in  tb.is  series.     Calcium  carbonate  counteracted 
the  toxic  influence  of  the  aluminum  salt  in  both  con- 
centractlons  to  a  ra  irked  degree,  but  not  entirely.  In 
the  iron-treated  solutions  the  calcium  carbonate  had  a 
3li(;htly  beneficial  eT.^ect  on  No.  14   (110  p. p.m.  of  Pe) 
nore  beneficial  on  No.  17  (45  p.p.m/  of  FT!),  but  no 
effect  on  the  highest  concentration  (220  p. p.m.  of  Pe). 
Calcium  nulfate  had  no  effect,  the  plants  bein?^  sinilar 
to  those  in  tho  solution:?  of  the   jame  concentrations 
without  the  calcium  salt.       It  was  also  noticed  that  the 
8eedlinf;;3  in  the  solutions  containing"  th'?  iron  and  al- 
uminum salts  without  the  addition  of  the  calcium  had  a 
tendency  to  h:iv-i  stems  of  a  reddish  color.      The  exp'^ri- 
ment  was  discontinued  at  the  end  of  the  third  weok, 
as  mo 3t  of  the  plants  had  died  from  excessive  heat.  An 
extremely  hot  spell  made  it  im?  ossiiae  to  keep  the  p;reen- 
houBo  cool. 

The  third  experiment  was  a  repetition  of  the  second, 
with  the  exception  that  the  hifjhest  concentration  of 
ferrous  salt  was  omit  red,  and  a  more  dilute  one  added. 


1.  Nutrient 

2.  Nutrient 
5.  Nutrient 


Nutri  ent 
Nutrient 
Nutrient 
Nutri  ent 
Nutri  ent 
Nutrient 
Nutri  ent 
Nutrierit 


sol '^'^j'^^^t^^"''"^  (^myloyad  in  Third  '^'bcp'^rijnent. 
solution  --CaCO-y/ Checks 
solTJtion  --Caf504 

solution--aluMinum  sol,*43  p. p.m.  off  Al, 

solution- -aluminum  sol .  —  Cc'i.CO-j 
solution— aluminum  sol,--Caf^04 
3olution--aluminTiin  sol,«  =  '^l,r^  p,p,m,  of  Al, 
so lu t i  on- -  alumi num  sol.  —  CcifiOj 
solution-- aluminum  3ol,--CaSO^ 
soluti onyei^.OA  sol,sllO  p. p.m.  of  Pe 
3olution-Pef?04  3ol.--0aC0;^ 
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12.  ?Ti;trl'3nt  3olutlon~.Fef^04  BcM...CaSo^ 

13,  Nutrient  aolution..Feno4  boI,.  .44  Uw  of  Fe. 
U.  Nutrient  .olution-FeHo^  «ol.-.C  .CO, 

16,  ;'utrient  solution— FeRO.  nol.  —  CeiSO 

16.  Nutrient  oolution-FoSo,  3ol.=  ,o',tp...  of  Pe. 

X7.  Nutrient  solution— Fa RO4  30I.  — CaCO., 

18.  NutttQOt  'Solution— PeBOA  boI.— Caf^O 

*k  4 


mo.i^L^J^i^^''  rr<3Vlouo  OX]  eri-rn.mttj  the  root^  showed 
marked  difxernecen  at  t)ie  end  of  the  fourth  day.  while 
the  tops  «howed  no  differencen  until  a  weeV  had  elapsed. 
The  rooto  of  tiie  nluminuin  and  iron  treated  ho+tl^B  were 
very  rnuoh  stunted,  j.nd  either  conginted  of  only  one 
main  taproot  without  latoraia  or  root  hiira.  or  plse 
quite  a  numb.^r  of  Bhort  thick  too  to  f;rowimr  from  the 
baae  of  the  stern.       The  latoruls  only  ijrew "about  a 
sixteenth  of  un  inch  and  then  Btopi  ed.      Ml  the  r?tunted 
tooto  ^veni  thicker  than  the  unaffected  ones,  and  despite 
their  much  snaller  nunber  and  ahorter  lenr<-th  vreir^hed  as 
much  as  thejjealthyrooto.      At  the  end  of 'six  v/er^ko  the 
exp  2riMent^di3continusd,     The  aeedlinniB  in  the  pnrts 
pcjr  million  iron  solution  No.  16  -vere  almost  normal,  and 
where  calcium  carbonate  hadf?been  added  (No.  1'')  iho'^ed 
practically  no  differences  from  the  check.      ""h.j  sodd- 
lin;i3  in  the  44  parts  per  million  iron  solution  (No.  13) 
wiade  little  growth  after  the  first  week,  but  did  not  die, 
and  where  calcium  carbonate  was  added  the  toxic  action 
was  in  p. art  overcome.      In  the  110  parts    cr  million 
iron  solution  (No.  IC)  the  plants  died  at  the  end  of  the 
fourth  '.veek.     Calcium  carbonate  in  thirj  case  seenin,<5ly 
had  no  effect.     As  was  already  noted  in  the  second  ex- 
periment calcium  sulfate  had  no  ef  ect  in  counteracting 
the  toxic  action  of  the  salts.       The  results  -vlth  the 
aiurnimrn  salt  ^vere  exactDy  simil-ir  tottaoso  of  thtj  first 
and  second  exy)  crimen t. 

Sumnariiiin^;  the  results  of  the  expf3riment8  with  iron 
and  aluminum  salts   ve  find  as  To 1 Iowa: 

1-  -That  alu?iimim  sulfate  ^hen  present  in  culture  so- 
lutions in  concentrations  ";reat^r  than  40  parts  per 
million  of   ilurainum  has  a  v^iry  toxic   iction  on  clover 
seedlin^^s. 

2-  That  ferrous  sul^rite  ";h^»n  ]>re:v^nt  in  culture  solu- 
tions in  concentrations  above  40  parts  per  million  of 
iron  exerts  a  toxic  effect  on  clover  se*  dliuf^s. 

3-  -That  this  toxic  action  of  iton  and  aluminum  can  in 
a  large  measure  be  overcome  by  the  use  of  calcium 
carbonate    up  to  a  cert  dn  rointi  oeyond  which  it  has  no 
effect*     Calcium  sulfate  does  noi.  have  this  beneficial 


•  I'iect .This  diflorence  In  the  action  of  the  two  calcium  ealte 
is  due  to  the  iiict  thfct  the  cartonate  precipitates  the  iron 
and  aluiuinuni  &k  the  h^rdrated  oxide  thus  removing  them  from 
Relation  and  conteract ing  their  hanaiul  action. The  toxic  action 
of  the  higher  concent  rati  one  of  iron  tnd  alur:.inun,de^:pite  the 
excees  of  calcium  carbonato  proLcnt  can  be  explained  I  boleive 
BB  f ollowtslV.hen  the  calciiua  carbonate  reaete  v.ith  the  lerroue 
sulfate , calcium  ruliate  is  formed. Ac  the  ct  loiiim  sulfate  ir 
quite  soluble  it  qobb  into  solution  until  the  solution  beconieB 
saturated. The  precence  of  the  lar^je  niunhor  of  Ca.  ions  will  then 
force  back  the  solubility  of  the  Calcium  Ciirbon:-te  and  thus  pre- 
vent itF:  reacting  with  the  remainder  of  the  ferrous  mlfate. 
The  reaction  with  the  aliimin^;n  nalt  is  analogous. 

4.  The  theory  that  the  toxicity,        ^^^.^  and  aluniiiuu  Ik 
due  to  the  penetration  of  the  calts  into  the  seodlin£:e  does 
not  ceem  to  be  borne  out  ac  a  microrcopieal  examination  of  the 
roots  ehowed  thtit  the  outer  layer  of  cells  vvae  placmolyzed, thus 
arreeting  the  development  of  the  rootc.That  the  poisoning  did 
not  extend  to  the  whole  roots  ic  further  shown  by  the  large 
number  of  short  roots  which  develo;^ed  from  the  root  above  the 
solution  but  were  arrested  in  their  development  ae  soon  as  they 
entered  the  {■;olution..^E  a  third  ooint.the  continued  growth  of 
the  tops  for  a  v/eek  after  the  .':tunred  appearance  hat:  made  itself 
manifet;t  on  tho  roots, indicates  that  the  injury  i?^  confined  to 
the  roots. -he  plant c  finally  die,!  beloive  because  of  a  lack 
of  nourichraent  rather  than  to  a  poi ironing  of  the  entire  seedling. 

To  detornino  the  toxicity  of  manganese  to  clover  needling 
the  followint^  oxporiraentc  were  unde rtaken.'Ihe  ramo  nutrient  solutio 
B8  was  used  in  the  previous  experiment  was  empToyod.The  manganeRe 
salt  ur.cd  was  the  sulfate  i.ln  304.41120. 


1 
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The  treatoent  in  the  firet  experiment  was  as  followe. 
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The  experinient  waF  conducted  outdoorr  in  the  pot  yard 
in  place  of  tn  the  greenhouse  used  in  previouE  experiraaat, 
the  peedlingt^  being  put  under  cover  at  nibght  and  during  inclemen 
weather. The  experiment  war  continued  four  weekr:. 

The  effect  of  the  niangeneEe  waiF  noticed  after  the  liret 
week.ThOEe  with  raangeneBe  did  not  grow  ar?  fat^t  ae  the  checkK 
and  tilf:o  begen  to  bhow  chlorsie  of  the  leaves. The  rcotp  did 
not  have  a  rtuiited  aonearcnce  ar;  wac  noticed  when  iron  and 
aluciinuin  .-:altfi  wore  ubed.but  ceened  to  be  sirapl:,-  underdevel- 
oped.Neither  the  prestnce  of  calcium  ct  rbonate  nor  f.ulitte 
had  am  beneficial  effect. in  cor^e  oar>cn  the  cfclciuD  carbon- 
ate seemed  to  aggravtte  the  toxicity  rather  than  alleviate 
it. -.hen  the  experiment  was  di  ficontinucd  the  tope  m  the 
niOHt  concentrated  nirngaiieRe  solutions  had  died  anu    ^j-ore  in  the 
Doct  dilute  had  &pparently  lost  all    Ihoir  chlorophyl. 

The  to  OF  and  roott  of  the  plant e  were  dried  and 
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Manganese  determinations  made  on  them.  The  tablo  shows 
the  amounts  of  Mn304  found  in  1  gram  of  oven-dried  aampl 

Manganese  aa  ^^n^^^O^  in  clover  plants. 


Tope. 

Roots . 

mgs  . 

raga . 

Check 

none 

none 

40  ppm  Mn 

2.01 

17.94 

100  ppm  «in 

4.56 

58.80 

200  ppm  Mn 

5.02 

83.90 

300  ppm  Mn 

4.41 

75. 3i 

The  results  show  that  manganese  is  taken  up  tne 
plants  in  considerable  amounts  and  is  carried  into  tne  tops. 
Concentrations  above  100  ppm  of  manganese  have  little  effect 
in  increasing  the  amount  taken  up  hy  the  plant.      While  some 
manganese  iu  carried  into  ti^e  tops,  most  of  it  remains  in 
the  roots. 

In  order  to  determine  w>ietner  calcium  carbonate  or  sul- 
fate had  an^  beneficial  action  in  more  dilute  solutions  of 
manganese,  a  second  experiment  was  undertaken.    Mcaoni^ , 
Pugliese*^,  and  Aso*^    have  found  th  t  iron  salts  seem  t'> 
counteract  the  toxicity  of  rnantraneBe*  order  to  confirm 

their  conclijsions ,  or  e  s'^riee  of  experiments  was  undertaken 
UBing  a  combination  of  these  two  salts,  another  aeries  using 
manganese  plus  aluminuir,  aalt  and  still  another  series  using 
iron  and  aluminun  totjether. 


1. 

2. 


3 
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Treatment  in  secind  experiment: 
isio.l  nutrient  solution  (check) 
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■i-        "  =21.6  opm  Al 

4       "    +  Oa  GO3 
+  ij'e  rol's  44  ppm  J?© 
+        "        Cg  CO3 
+        "    =  1:2  ppm  i'e 
i        "    +  Oa  OOg 

x''o  t;ol  z  44  ppm 

"  +  Ga  GO 


OvAnz  "^0  poor  weather  conditions  tho  socdlingB  did  not 
start  well  and  large  numhor{%  of  them  had  to  be  rc placed. ^vt 
the  end  of  the  fire:t  week  diilorencee  were  noticed;tho  rootr 
of  the  rif[tn{Taneee  pluf?  al'irainiun  solution  43  i-pra{Iio.G)  having 
a  Ftunted  appoaranoe .At  the  end  of  two  weeks  "both  tho  roots 
and  tho  topn  of  iio.iJ  had  a  ctunted  aopcaranoe .'u.he  rootB  ox 
i.o.9(iin-j.l'43  ppm  -CaOO^ )  .li o.lOdin  -22  ppm  ivlj,i,o.ll 


(name  10  -  CaGO^jand  i.o.l6(..l  43 ppm  -  'i4ppmj  uor 
stunted. liO.Sdln  20  jpm-OaGO^)  aiid  ^.o.4(l.Ji  20ppm  -  Ca-0 
were  00 or  but  not  etunt od./.Il  oi"  the  botLlot  ht.vinf  "  " 


ore  alfiO 


in  solution  had  t  darker  color  than  tni  of  the  othex-s.^.t  the 

end  of  three  vjeeke  the  nan^eneLe  t retted  ceedlingh  i.hov'ed 
evidence  of  chl^rrir.all  of  tho  leavet  be^iru.ing  to  have  a 
light  greon  or  ^/ellowith  color. ..t  the  end  of  five  vieeka 
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when  the  experiment  was  discontinued  the  best  plants  were 
fJo.  15  (Mn  20  ppm  -  22  ppm  Pe  -  CaCej)  with  the  checks  second 
hest.      The  use  of  the  more  dilute  manganese  still  had  a  toxic 
action  on  the  seedlings  but  not  so  marked  as  the  higher  con- 
centrations, the  effect  not  beinj;  noticed  until  the  third  week. 
Neither  calcium  carbonate  nor  sulfate  had  any  beneficial 
effect  but  as  was  noted  in  the  first  experiment  if  seemed  to 
increase  the  toxicity  to  a  slii.;ht  extent.      The  combination 
of  manganese  and  aluminum  was  very  toxic  and  calcium  carbonate 
had  only  a  slight  effect  in  counteracting  the  toxicity.  The 
roots  were  almost  normal,  showing  that  the  characteristic 
effect  of  the  aluminum  —the  stunting  of  the  roots — had  been  partly 
overcome.      The  mixture  of  iron  and  manganese  in  the  higher 
concentrations  was  just  as  toxic  as  either  one  of  the  two 
alone.      Where  calcium  carbonate  had  been  added  the  plants 
had  a  normal  appearance  and  were  as  good  as  the  checks.  In 
the  raore  dilute  iron  solution  which  in  itself  is  not  toxic,  the 
toxicity  of  the  manganese  was  largely  overcome  and  where  calcium 
carbonate  had  been  added,  the  toxicity  had  been  entirely  over- 
come and  the  plants  were  better  than  the  checks. 

A  third  series  similar  to  the  first  of  the  manganese 
series  was  started  in  order  to  more  definitely  prove  that  cal- 
cimn  carbonate  had  no  beneficial  action  in  counteracting  the 
toxicity  of  manganese. 

Treatment  in  third  experiment. 

No.  1    nutrient  solution  ) 

)     checks  . 
"      2  *  •  +  CaCO^  ) 


M  N 


+  10  ppm  Mn 


4  "  "  +  10  "  +  CaC03 

5  *  +  20  "  " 

6  "  "  +  20  "  +  CaCOj 

7  •  «  +  30  "  . 

8  "  *  +  30  "  +  CaC§3 

9  •»  •  +  40  "  " 

10  *  "  +  40  "       "  +  CaCOj 


This  experiment  wasconducted  during  the  winter  in  the 
greenhouse  and  owing  to  continued  cloudy  weather  the  plants  did 
not  grow  as  well  as  in  the  previous  experiments.      The  experi- 
ment was  continued  four  weeks  and  at  the  end  of  that  tine 
showed  the  same  differences  noted  in  the  earlier  work, 
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namely  ohlorosie  of  the  leaves  and  more  pronounced  toxicity 
where  calcium  carbonate  hae  been  added. Thit:  increap.ed  toxicity 
with  calcjum  crrbonate  if.  contradictory  to  the  results  reported 
^«ving  found  that  calcium  chloride  would  counter- 
act the  toxicity  of  ratn^rnese  to  a  marked  extent. Thir.  mat  be 
due  to  the  iifference  in  the  polutione  and  seedlln^rs  uced  as 
he  uced  manganese  chloride . calcium  chloride  and  Canada  field 
pea . 

Having  found  that  manganese  is  carried  up  into  the  tope 
of  the  pltntc  the  lollowing  experiments  were  tried  to  detennine 
if  there  wae  en  increatje  in  the  amount  of  ni!mganeee  in  the  tops 
of  clover  grown  on  plots  v^here  the  poor  vegetation  was  thought 
to  be  due  to  manganese. 

ihe  first  crop  of  clover  analyzed  wa^  the  came  as  th&t 
used  by  Horse  and  reported  in  iiulletin  161.x he  toi  s  only  were 
analyzed. 

iji  in  mg  Mn^O^  in  Ig  of  moisture  free  clover  tops. 


E  fertilizer 


Limed 


Unllmed 


Plot 
Plot 
Plot 
Plot 
Plot 


1. 

5. 
6. 
7. 
8. 


'04 

304 


none 

{M4)  SO 


trace 
.054  rag 
.054  " 
.031  " 
trace 


.076  ng, 
.19.^  " 
.19;3  " 
.114  " 
.171  " 


The  composition  of  the  clover  from  the  limed  portions  of 
the^ several  plots  varied  very  little. 

manganese  it  eviut^ntiy  present  In  all  clover  as  Ltie  plants 
from  the  limed  portions  were  all  normal  healthy  looking  plants. 
The  plants  from  the  unlimed  portions  chow  a  mf.rked  increase 
in  those  plots  receiving  suliate  of  aLimonia. 

In  the  spring  of  1915  samples  of  clover  tOi.s  and  grass 
and  clover  roots  end  grasc  roots  were  taken  from  the  limed 
and  unlimed  portions  of  plot  5*.u'ror;i  the  imliaod  end  two  sem- 
oles  were  taken, one  of  normal  looking  plj nts  and  another  of 
ooor  plants. Ihe  plants  were  brought  into  the  laboratory  and  the 
roots  carefully  washed  free  of  soi 1 .especial  care  boinj  taken 
not  to  break  too  many  of  the  finer  rorts.The  tops  were  then 
cut  from  the  roots  and  the  clover  separated  irom  the  grast>,the 
seme  being  done  with  the  roots. ihey  were  then  dried  at  75  de-ree 
and  ground. The  tope   .ere  then  analyzed  for  i ron.man  anese  and 
pilica.'xhe  roots  were  only  anslyi^ed  for  manganese  a£  it  is 
almost  imposoible  to  wash  them  entirely  free  from  LOil  v^hioh 
would  invalidate  the  results  for  iron  and  silica. 


1 -Cornell  A.xr.j.xot.  tation  kemoir  f  2  (1913). 
2.P1^  6  iP  fertilized  as  lollows:  (im^jg  SO^.diss  bone  black, 
low  grade  ruliate  of  potath. 
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Composition  of  Clover  and  Jrasa  Tops  and  ioote 
in  mg  per  Ig  oven  diy  sample. 


f  e  I  nt 
ng  trace 

Plot  5.  Jnlimed  good  clover  -  1.14  "  tr^oe 


Plot  5. limed  clover  to)B    .63  n*-    trace        l  7"  ^,0- 

Plot  "      Praf's        1   .t>o  mg    trace        1.7^  mg 


^         „  ^^^^'^s   1.91  .158  mg  26.64 

^  P^S"^  clover   1..54  "       .0'J6  "  5.36 

Plot  5.  Limed  clover  r4otr.    -  -  -  -           _  trace 

Plot  5.  "      graF:8  roots      ------    _  ^2.38 

Plot  5.  Jnlimed  good  clover  roots  -  -  -    -  lo91) 

^lot  b.  "      grass        "   .H18 

Plot  5,  "    poor  clover  <a  graee  roots    -  .245 


A  study  01  the  tal)le  rhov?c  that  the  manga ncoe  is  taken 
up  to  a  greal^rextent  by  the  poor  plants, both  clover  and 
grass  than  by  the  good  rslf.nte.The  grasr-  seems  to  be  more 
tolerant  than  the  clover  much  more  being  taken  up  thtn  by  the 
clover. The  results  would  also  seem  to  indicate  that  the 
man,5ane6e  was  not  evenly  dictributed  throughout  the  plot 
but  was  more  concentrated  in  rjpote.As  tt  was  rather  diilicult 
to  11  nd  normcl  clover  on  the  i.lot  it  night  be  Laid  that  the-<^^ 
epots  k*ere  the  places  oi  emaller  amounts  of  manganese.^.  t 
somewhat  similar  condition  ha^  been  iound  by  uuthrie  and  Cohen 
on  a  goli  green. 

'j.he  variations  in  the  iron  content  of  the  good  and  poor 
plants  are  so  small  as  to  come  within  the  limit  of  exporinen- 
tal  error. Ihe  increased  amount  of  silica  in  the  poor  plants 
is  probably  due  to  their  more  ;^ture  state. 

As  the  fore.^oing  experiments  with  manganese  salts  in 
nutirient  solutions  had  shown  that  calcium  carbonfte  did  not 
counteract  the  toxicity  of  the  manganese, while  in  the  field, 
an  application  of  lime  to  roil, supposedly  infertile  because 
of  the  presence  of  man^janese  salts, corrected  the  toxicity. 
Pot  cultures  were  started  to  dotcnaine  whether  calcium 
carbonate  in  the  soil  could  counteract  the  toxicity  of  man- 
ganese . 

Ihe  soil  used  was  from  the  unlincd  end  of  plot  7  and 
the  unlimed  end  of  plot  6. As  the  t^:oil  from  the  unlimod  end 
of  olot  6  already  contained  a  large  amount  ol  bOlublc 
manganese  it  was  first  extracted  by  shaking  it  for  tw^)  hours 
8  meoh^nic^l  shaker  with  a  volujiic  oi  water  twice  that  ox 
the  soil. The  soil  was  then  air  dried  and  passed  through  the 
large  30i)ve{7  holes  to  the  linear  inch). 

xiarthenwt.re  oots,£ix  inches  in  diameter  and  five  inches 
deep  were  used.x^ach  pot  was  filled  vdth  two  kilos  of  the 


l.Loo .clt . 
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Elr-dTled  Goil.vhe  lime  was  applied  to  the  eurface  and 
thoroushly  worked  in.The  manganese  sulfate  war  aonlied  ir, 

!      l"^^^  v-eehed  fuartz  rand  to  act  as  a  aulch 

The  treatment  employed  is  chown  in  the  table,  the  re  be  ins 
potB  in  each  treatment.  ^v^xn^,  two 
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Plot 
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Jnlimed 

100  pounde  per  A 

12. 

Plot 
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12. 

Plot 
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14. 

Plot 

7 

unlimed 

It  V 
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tCaCO;^  2T 
per  A 


"  +CaC02  2T  per  A 


'xhe  eeed  wte  planted  on  Larch  7th  and  8th  and  began  to 
shov?  above  the  sand  on  the  9th  and  mor.t  of  them  had  eprouted 
by  the  15th  when  all  the  pots  were  watered  for  the  first  time. 
Ihe  plant c  cane  up  rather  unevenly  and  some  replanting  -^aa 
necessary  .The  reoianting  was  done  with  .seedlings  tsprouted  on 
parrfifin  plf  tes.Qn  April  3rd  all  the  pots  were  thincd  to  25 
olantG.Ihe  poorest  potf.  at  this  time  v.cre  numbers  5  and  5, the 
extracted  toil  with  and  ^^ithout  the  addition  of  manganese .^ill 
of  the  pots  treated  with  iiiinganese  sulfate  without  lime  were 
ooorer  than  thore  recciviug  lime. on  Ajril  24th  the  above  diff- 
erencGF  were  even  more  striking. xhe  plants  on  number  5  having 
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practically  ell  died. on  number  6  where  Calcium  CErboneto  had 
n?^nt«  n^^ti''  ^^^f  ^ij^^-thei  made  a  Eiuall  jrovvth.^l  1   of  the 

rrv,      ^^"^  extracted  soil  vvore  ooorer  than  thoce  on  the  other 
oote.'Ihe  extraction  had  probably  removed  meet  of  the  soluble 
nutrientE.  owiuuxe 

^i-ffAlJ^"l®  nojveiehts  can  ab  yet  be  given  to  chow  the  relative 
differencer  the  experin^ont  already  clet.rly  shoyn:  that  in  the 
field, liiiic'  will  correct  the  toxicity  produced  by  uanganece 
salt  B • 

X he  culture  vyork  with  nt-n-^anese  L-&ltr.  showp  that  man^aneee 
iE  very  toxic  to  cloverE  and  thtt  in  nutrient  rolutions  celcium 
carbonate  doer  not  counteract  the  toxicity. but  that  in  the  eoil 
the  addition  of  calcium  carbonate  doec  counteract  the  toxicit- 
to  a  large  extent. 

The  analyeiG  of  clovcrE  rhov;r.  that  the  DEnganese  is  carried 
uo  into  the  tope  and  that  poor  clover  j^rov/n  on  soil  containing? 
soluble  manganece  ealtB, contained  more  nansanese  than  nonapl  ' 
clover. 
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bunnf.ry  tind  Conclueion. 

Ihtt  the  infertility/  of  Boile  fertilized  continuous- 
ly with  annoniun  ruUate  ;vithout  lime  ir  not  due  to^ 
acoumulBtion  ol  Fulfuric  ecid  or  to  the  formation  of  "hunio 
acids"  hap  heen  E-hown  by  the  following: 

«^      }'^^^  ^■^l       1^®  eiperimentc  we  find  a  marked  removal 
of  sulfates  from  these  sulfate  plots. This  might  he  conLider- 

4^"v^f^2  ^^-^  accumulation  of  sulfuric 

acid. but  the  studies  with  sulfate  amn^onia  solution?  where 
JO  lind  8s  meny  Fulfates  removed  as  were  added  7;ould  tend 
to  chor  that  there  nas  no  accujniaati on. 

8. The  neutral  extracts  obtained  in  all  cases  except 
plot  ZZ  of  :vhode  Island  soils  chows  that  no  soluble  acid  was 
present. The  acidit,  of  the  lihode  island  soil  can  be  ex- 
plained b:'  the  presence  of  iron  end  aluminnm  salts  in  the 
solution. 

3,1he  absorption  of  calcium  again  proves  the  absence  of 
ani'  acid  or  acids  in  these  soils  as  both  the  limed  and 
unlimed  areas  of  the  sulfate  plots  absorbed  the  came  amounts^ 
If  an  acid  were  present  :aore  calcium  would  be  absorbed  by 
the  unlimod  areas. The  foregoing  experiments  eho;v  that  tn 
the  absence  of  lime  the  ammonium  sulfate  seems  to  have  a 
solvent  action  on  i ron, aluminum  and  manganese  comoounds  in 
the  EOil.The  comparatively  large  differences  between  the 
F-mounts  of  iron  and  eluminum  removed  by  the  various  treat- 
ments Iron  the  eane  plot  can  be  explained  by  the  ease  uith 
which  iron  oMlts  hydrolyze .The  hydrated  oxides  formed  as  a 
result  of  the  hydrolysis  are  then  held  by  the  soil  .The 
aluminum  salts  may  act  in  the  same  way  and  furthermore  the 
lack  of  accurate  methods  for  dete riiining  small  tmounts  of 
aluminum  make  it  im:Oi^sible  to  accura.tely  determine  the 
amounts  removed  irora  the  soils. as  is  indicated  by  the  analysis 
of^amnoniun  hydrate  precipitates  from  large  amounts  of  soil, 
it  seenp  thf  t  more  l  iu.uinum  is  removed  than  iron. 

The  reason  no  iron  or  alur.iinum  was  found  in  the  extracts 
from  the  Anherot  soils  cerjpled  in  the  fall  of  1915  cm  be 
accounted  for  by  the  unu^uslly  wet  summer  which  caused 
drainage  to  take  place  even  in  mid-sunmer  end  this  washed  out 
the  soluble  iron  &nd  aliLiiinun  as  well  as  some  of  the  man- 
ganese . 

The  manganese  detc minetions  show  the  most  concordant 
results.LIorej  m^n^enese  is  removed  from  all  of  the  sulfate 
olots  than  from  any  of  the  other s.Yhe  one  exception  in 
the  case  of  the  rihod.   Island  soils  cr^n  be  explained  by  the 
difference  in  total  mf-ngancse  in  these  foils.vhile  the 
Amherbc  f  oils  have  a  tottl  manganese  content  of  .083  >  iin^O^ 
and  the  Ohio  soils  .098  ^  the  Khode  island  soils  only 
contain  .034  ^  In^O/. 

ihf  t  j  ron,filurainum  and  manganepe  are  very  t03.lc  xo 
clove in  nutrient  solutions  is  shown  iii  p«rt  Il.lt  is 
funher  shown  that  lime  in  the  form  of  the  carbonate 
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uni:.fci^  and  Jonclufcion. concluded 


will  counteract  or  corredt  the  toxicity  oi  iron  and 
aluminum  in  v.ster  cultures  snd  tho  toxicity  or  mi^nrEnoce 
in  .Oil  culturoe.OloverB  grown  on  the  sulXV.te  .ro?s  ?n1;hich 
large  amounts  ot  soluble  u^n^anei^e  rwc  lound  t^re  Bho^^^  to 
contain  more  mtLncrf,nece  Ihtn  normrl  clover  olantc 

'hether  or  not  the  infertility  of  thc^ulfate  plotG 
it  due  to  the  direct  toxic  action  of  the  i  ron.rluninun  and 
mangane.ce  jalte  on  the  clover  plantt  or  whether  the  action 
IB  indirect. the  pretence  of  ther.e  t-»Ttc  afxecti-i^  tho  bac- 
terial flore.etill  rentinc  to  be  Phown.'i>£t  the  toxicity  In 
either  oaLO  ip.  not  due  to  the  ncid  redicle  oi  xhe  nolable 
iron.aluninun  and  manganese  a£;  bac  been  claimed  by  eouie 
wrlterR  Ie  1  belfg^ve  shown  by  the  invcctigatiom:  of  Heald^ 
and  of  j.aMenburc  and  'xniefvyho  Rhowed  that  in  all  cases  the 
toxicity  of  the  salts  uced  wat  due  to  the  baric  ion. 

Ihe  expt;riments  of  Con.aers  recently  publirhod  shovjing 
that  acid  phORphete  eeems  to  benefit  an  acid  soil  ic  further 
proof  that  the  "tcidity"  or  toxicit^^  of  the  acid  soils  ie  due 
to  iron, aluminum  and  man^ancee  ealtclhe  acid  phosphate 
fonae  inF.oluble  ferric  or  tluminum  ohoisohate  thuc  removing 
thcEe  from  solution  and  correcting  the  "acidity". 

£hc  true  reebon  why  ammonium  sulfate  causes  infertility 
EeemL  therefore  to  bo  due  to  the  formation  of  f  oluble  iron, 
aluminum  tnd  mangtneee  ealtt.'hcn  calcium  If;  prerent  in  suffi 
amountr  none  of  thore  toxic  Evlts  go  into  soluti on.The' 
toxicity  of  an  acid  f:oil  is  not  of  necessity  due  to  the 
preeence  of  all  three  of  these  Baits  but  may  be  duo  to  any 
one  of  them.Th?t  thiE  effect  ic  not  e  local  one  applyin.^r 
only  to  our  own  Loil£  is  t:.ho\fn  b;,  the  analypif  of  the  Ohio 
and  .ihode  Island  toilF  v.'hich  chowed  the  Feme  effectr. 
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